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1.0 SUMMARY 

The purpose of this design note is to evaluate the Earth and 
Orbiter body reflections involving the Tracking Data Relay 
Satellite (TDRS)/Orbiter communications link. Recommendations 
address operational conditions in order to avoid critical multipath 
impacts, modulation preferences during acquisition, and preferred 
scan limit implementation. 

This detailed analysis employs the use of the baselined 36-inch 
diameter dish and triple channel monopulse system. The Orbiter is 
assumed to be in a nominal orbiting altitude of 237.57 n.mi . This 
evaluation shows that the scan limitations for grazing angles 
relative to Orbiter reflections for the sum and difference 
radiation patterns are 3.5 and 2.0 degrees respectively. The 
results show a zero peak shift in the sum pattern at an offset 
(grazing) angle of 3.5 degrees, and a zero null shift in the 
difference pattern at an offset (grazing) angle of 2.0 degrees. 

The results in this design note indicate a possibility of false 
lock-on when the Orbiter grazing angle is less than 3.5 degrees. 
Results from the Earth reflections are minimal and not expected to 
cause any critical variations in the received power of the 
TDR S/Orb iter r.f. communications link for positive' grazing angles. 
The recommended modulation for the multipath environment is-the 
spread spectrum because a smaller percentage of power would be lost 
by cancellation. 
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2.0 INTRODUCTION 

The purpose of this design note is to evaluate the effects of 
multipath from both the Orbiter and the Earth and make recommenda- 
tions for tracker implementation for the Space Shuttle Orbiter Ku- 
Band Communications Antenna System. First, background information 
is given to orient the reader to the definition of multipath and 
related parameters. This is followed by a discussion pertaining to 
the factors required to analyze the multipath phenomena which 
include: geometrical configuration, electrical characteristics, 

scattering and reflection factors, and path difference. These 
factors are compiled into two math 'tools which were developed in 
References A and B for the analysis of Earth and Orbiter multipath 
.respectively. • • 

The remaining sections of this design note are related to • 
evaluation of multipath on the sum and difference patterns including 
recommended performance limitations imposed by the Earth and 
Orbiter. The results of the output from the two math tools are 
interrelated in the results section to show the rationale for 
pertinent recommendations. The' last section in this design note 
summarizes the recommendations for proper tracker scan implementation 


! 1 1 1 I L 7 
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3.° BACKGROUND 

The basis for this Earth and Orbiter multipath study had its origin 
from a general multipath study (Reference C) that indicated some 
concern on this subject, and recommended further investigation. 

This initial study indicated that the amplitude of the multipath 
factor had its null points nearly coinciding with the Pseudo 
Noise (PN) sideband spacing which was 5.486 kHz. The present 
spacing is 2.9599 kHz. 

The multipath phenomenon is the result of a signal reflected off an 
object or protrusion in the vicinity of the direct signal 
causing enhancement or cancellation of part or all of the resultant 
signal that is transmitted from the Tracking and Data Relay 
Satellite (TORS) to the Orbiter. The multipath factor which 
represents multipath is broken up into a specular and diffuse 
component. The specular reflected wave is the worst case from 
a uniform surface, such as the relatively smooth surface of 
the Orbiter and uniform areas of the Earth. The diffuse wave is 
scattered over a broad angle greatly reducing the possibility of 
direct signal perturbation. 

Two math tools were developed, which are. found in Appendix B; one 
is related to Earth multipath which is designed to aid in the study 

<i 

of multipath as a function of grazing angle and frequency; the 
second program is concerned with Orbiter multipath using similar 
aspects as in the Earth multipath program. 

The skin of the Orbiter is covered with a thermal protection system 
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(TPS) with various-thicknesses to accommodate the different 
heating loads anticipated on the orbiter's surface during mission 
operation. The purpose of the TPS is to dissipate external 
surface heat buildup on the Orbiter. The TPS consists of five 
layers of material which was analyzed for reflective properties 
(Reference B). The results of this analysis show that only the 
outside layer contributes significantly to the reflection 
coefficient at low grazing angles. The outside layer of the TPS 
has a thickness of 0.10". 

The Ku-Band Communications Antenna is a parabolic dish type 
antenna with right hand Circular polarization (RHCP) having 
a thirty-six inch diameter. Antennas are deployed from the orbiter's 
right and left side and will be used only during on-orbit activities. 
The antenna mountings are located in the forward section of 
the payload bay. The right antenna may also be' used for radar 
purposes, - 

« 

The region where multipath will have the most impact for 
communi cations is near the line-of-sight where the grazing angles 
of the signals from the TDRS are small. In this region the 
reflected signal has a phase shift which approaches 180° causing 

either a gain or loss of signal strength at the Shuttle Orbiter 

& 

depending on the path difference between the direct and indirect 
signal. 


4.0 DISCUSSION 
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The discussion section is divided into seven subsections, in 
which the rationale for the multipath parameters is developed 
and incorporated into a computer program that aids in the 
evaluation of multipath on the Ku-Band Communications Antenna 
.System. The recommended operational limitations will also be 
discussed to obtain optimum implementation of this antenna system. 

The first section deals with the two geometrical configurations 
used to determine the Earth and Orbiter math models and its 
respective parameters. The electrical properties of the different 
Earth, ter. a in and Orbiter surfaces are also shown in this section. 

The second section, 4.2, deals with the development of the reflective 
and scattering parameters for the respective math models. The 
third section, 4.3, is concerned with the development of the 
path difference between a direct and indirect signal which may 
indicate whether enhancement or cancellation will occur. The • 
incorporation and modifications of the multipath parameters 
are combined into an equation for both Earth and Orbiter multipath 
in Section 4.4. The multipath equation, is expressed in dB which 
is called "multipath factor”. The Fortran programs written 
for this multipath evaluation are discussed in Section: 4.5. 

In this section, the modifications made to the basic multipath 
factor equation are explained relative to the Earth, the Orbiter, and 
the sum and difference pattern sensitivity to multipath. In 
Section 4.6, evaluation of the multipath phenomenon is discussed 
. in relation to the sum and difference channels. This evaluation 
uses a Bessel function to produce the sum radiation pattern • 




ft 
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found in Reference D. The difference channel radiation pattern is 
produced using a sine function approximation which is found in 
Reference E. These patterns are combined in a computer program 
with the multipath factor to show the sensitivity of the Ku- Band 
sum and difference patterns to multipath relative to the Earth 
and Orbiter. In Section 4.7, the results from the multipath 
program v/ritten as a function of frequency and grazing angle are 
discussed for both the Earth and Orbiter. The recommended 
functional implementation of the Ku-Band antenna is made in this 
section and also documented in the results section for 
convenience. 

The data obtained in this analysis is shown in graphical form 
and is used to indicate the limitations, of the tracking capabilities of 
the Ku-Band Communication System. From these results, optimum 
implementation for the Ku-Band antenna is recommended. 

4.1 Geometric Configuration 

The geometries that are used to analyze multipath relative to the 
Earth and Orbiter utilize a geometrical optics approach for 
a sphere and cylinder. The sphere represents the shape of the 
Earth and the cylinder represents the orbiter's shape. The 
geometrical configurations for Earth and Orbiter multipath are 
shown in Figures 1 and 2, respectively. The region of interest 
for multipath is near the line-of -sight (LOS) or interference 
region. This is a region with small grazing angles and path 
differences, resulting in relatively small r.f. phase shifts 
between the direct and indirect signals.. These geometries are 


i 
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4 . 1 . 



shown in Figures 1 and 2. 


1 Geometrical Bodies 

The geometry of the Earth multipath shown in Figure 1 considers the 
atmospheric effects and spherical effects on the signal from the 
TDRS. The atmospheric effects are due to refractive and 
diffractive bending of the incident wave and reflected wave off the 
Garth. The effect of the atmosphere is to take 4/3 of the earth's 
radius which is referred to as the effective radius of the Earth. 
Figure 1 also shows the pertinent angles and arc distances used to 
determine the amount of movement of the Orbiter in a fixed orbit 
traversing around the earth's center while holding the TDRS in a 
fixed position.. The curved surface of the Earth is accounted for 
by. the divergence factor which approaches zero as the grazing angle 
is encountered making the received field the same as that of free 
space.' The grazing angle, i? , in Figure 1 is encountered when the. 
Orb iter /TDRS line of site passes thru the point of wave impingement 
on the earth's surface (apex’ of grazing angle). 


The geometry for Orbiter multipath is illustrated in Figure 2; 
the Orbiter is assumed to be a smooth cylinder rotating in a 
circular orbit around the Earth approaching the point for 
acquisition of the TDRS signal. The approach taken for this 
aspect is to consider the TDRS to be in the far field, 
therefore implying that .the direct and indirect paths are parallel 
upon incidence to the orb iter's thermal protection system. 

The effect of the TPS on the reflected signal was evaluated 


I 
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in Reference C. Results indicated that the top layer of the 
TPS has the major effect compared to the other four layers of 
the TPS at near grazing angles. 

4.1.2 Electrical Characteristics 

The electrical properties of the objects from which the TORS 

signal is reflected should be considered in order to have a 

meaningful result relative to the scattering and reflection 

* 

of the signal. The Earth and Orbiter multipath were considered 
from a number of surfaces which are listed in Table I with the 
conductivity in Siemens/meter and relative dielectric constant.- 


MATERIAL 

CONDUCTIVITY 
(Siemens /meter) 
a 

COMPLEX 

DIELECTRIC 

CONSTANT(e p ) 

at 13.775 GHz 

Top Layer TPS 

1.102x10-2 

4.8-jl .44 x10"2 

Sandy Soil 

10-5 

3- j 1.31x1 0-5 

Wet Soil 

10- 3 

80. -jl. 31xl0- 3 

Fresh Water 

10-2 

80- j 1.31x1 O' 3 

Salt Water 

•• ■ ' ..; ••• 


80- j 5. 24 

! ~ ; 

Ice 

5xl0- 3 

2. 92- j 6. 532x10-9 

TABLE I ELECTRICAL 

PROPERTIES OF ORBITER/EARTH 

SURFACES 
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4.2 Scattering and Reflection Parameters Relative to Earth and Orbiter 
Multipath 

The scattering coefficient for the specularly reflected wave 
off the Orbiter is calculated using equation (1) Reference F, 
which is used for both the Earth/Orbiter surfaces listed in 
Table 1. 

|p s l = exp - (f 1 - a ms Sin ,,) .0) 

| p s j is the scattering coefficient magnitude (no units) 

°rms 1S *he roo ^“ mean-sc l uare roughness height in meters 
• ^ is the grazing angle in radians 
X is the wavelength in meters 

. if is 3.' 141 59265358979324 

The specular scattering coefficient is considered to have a 
value of unity for the Orbiter surface multipath calculations. The 
unity scattering factor indicates that the Orbiter is assumed to 
have a smooth surface. 

The scattering coefficient will alter the: reflection coefficient in 
such a way that the resultant specular reflection component will be 
|r s | -p s |r c | • The baselined polarization for the Ku-Band. • ; 
Communication Antenna is circular. The circular reflection 
coefficient, j R C J , consists of two components, vertical and 
■ horizontal as shown in equation (2). 
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R v + R H 


(Reference G) (2) 


\ 


A 

Rl 


is the vertical reflection coefficient (Reference H) 
(no units) 

is the horizontal reflection coefficient (Reference H) 
(no units) 


The respective vertical and horizontal components in equation 
(2) are calculated by the following equations (Reference H). 


|Ryl = 



1 + -•>— (1 - cos 2 T ) - in sin fj 

K, ^ 

1 + ^—(1 - cos 2 Wi) + m sin ^ 


n 

1 + ^—(1 - cos 2 t x ) - sin. T 1 
1 + 5 —(l - cos 2 H' 1 ) + m, sin ^ 


(3) 


(4) 


is the grazing angle in radians 


b , b.» m , and m, are complex parameters used to calculate 
v n v n the vertical and horizontal reflection 

components (Equations 5a- 5d) 


„ . e r + X 

Q — 

S + q 


(5a) 


b h " ^ 


(5b) 


S + q 


i 
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2(Se + qX) 
m v = 2 2~~ 


S + q 


(5c) 


m h = 


2S 


S + q 


(5d) 


S 

X 

q 


is the relative dielectric constant of either the 
Earth or Orbiter surface (no units) 

is a function of grazing angle and complex dielectric 
constant (equation 6a) 

is the imaginary component of relative dielectric 
constant (equation 6b) 

is a function of S and X (equation 6c) 


S » 


2 ^ -2.' i/2 " " 

[(e r - cos + X + (e p - cos 4' 1 ) 


(6a) 


X = 1 .80X1 0 1 0 (2-) 


(6b) 


2S 


(6c) 


is the conductivity of the respective reflecting 
surface in Siemens /me ter , ; 

is the frequency in Hz 


The reflection coefficient approaches unity for small grazing 
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angles and decreases as the grazing angle- increases. Along 

with the circular reflection coefficient there is also the circular 

phase lag, <j> , which has a vertical and horizontal phase component. 

v» 

The simplified form for the calculation of the circular phase, 
lag is written in equation (7) as 


_ *v + 

*c 2 L 



% is the vertical phase lag in radians 

4* j_l is the horizontal phase lag in radians 


The horizontal and vertical phase lag components are given 
in equations (8) and (9) (Reference H) as 


sin - q a / X sin H' 1 + q 

4> y = tan y sin - y - tan i e r sin HfV + S 

; +R = lr- ' s ) - tan ~‘ ( s TTTTT— s — / 

The phase lag is a function of the dielectric and conductive 
properties of the reflective surface, grazing angle, and frequency 
of the transmitted signal from the TDRS. . ' / 
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4.2.1 Earth Reflective Characteristics 


The reflective characteristics of Earth refer to the shape of . 
the reflecting surface and the atmospheric environment. The 
spherical shape of the Earth is taken into account by the spherical 
divergence factor, D & « The spherical divergence factor is an 
abstract measure of the reflected field off the Earth received 
at the Ku-Band Antenna on the Orbiter as it approaches 
the TDRS in its circular orbit about the Earth. The divergence 
factor approaches zero as the grazing angle, / approaches zero 
making the received field the same as that of free space. The 
grazing angle is that angle between the path made by the incident 
component of the indirect signal and a plane tangent at the 
point of wave impingement on the surf ace. of the Earth. The 
spherical divergence factor for. Earth is calculated by equation 
(1) found in Reference I as. 



Tj &r 


' z, 



a e ( r 1 ’ + r 2 ) sin t 2 cos t 2 

+ z 2 )r 1 cos Ta+Ca^z^rj cos + z l )(a g + z 2 )sin 

is the effective radius of the Earth in meters 
(8.986333333 X 10 6 meters) 

are the distance .components of 'the indirect wave 
in meters 

js the altitude of the TDRS in meters 

is the altitude of the Orbiter in meters 

is the angle between a line from earth's center 
to the Orbiter and the selected wave moving towards 
the Orbiter in radians 


e 



T Z 


is the complement of the grazing angle; the angle 
between the normal on the tangent^at the point of 
reflection and the incident .wav^/of the indirect 
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signal- in radians 

t 3 is the angle between a line from the earth's center 

to the TDRS and the incident component of the indirect 
signal in radians 

0 is the angle made by the arc distance between the 

Orbiter and TDRS relative to the earth's center 
in radians 


4.2.2 Orbiter Reflective Characteristics 


The reflective properties of the orbiter 's surface,’ which is 
assumed to be a cylinder, is accounted for by the cylindrical 
divergence factor which has been found to be the square root 
of the spherical divergence. The radius of the orbiter's cylindr- 
ical fuselage is 2.992 meters. The cylindrical divergence is 
a function of the grazing angle, Orbiter radius, and the height 
of the Ku-Band antenna from the orbiter's surface. The TDRS' 
is assumed to be in the far field which will result in incident 


parallel wave paths for the direct and indirect signals. The 
cylindrical divergence is calculated by use of equation (11). 



a is the radius of the orbiter's fuselage in meters 

(a = 2 . 9921 005843281686563 m.) 



is the grazing angle made by the incident wave of 
the indirect signal and tangent at the 'reflection 
point in radians (Reference-Figure 2) 

is the Ku-Band antenna height from the orbiter's 
surface in meters • 


r 2 is the reflected distance component of the indirect 

signal in meters - ' ,::v. 




1 1 --4 i r ( 
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The cylindrical divergence factor for the Orbiter has been shown 
to be the square root of the spherical divergence that is found 
in Reference I. The effective radius parameter, a e , is replaced 
by the orbiter's radius, a, in equation (11) because operation 
of the Ku-Band Communications will only occur during on-orbit 
activities where there are no refractive and diffractive effects 
from an atmosphere. 

4.3 Path Difference Relative to Earth and Orbiter 

The final factor required to compose an equation to calculate 
a reasonable value for the magnitude of multipath due to the 
Earth and Orbiter is the path difference. Two path difference 
equations will be discussed in this section, one for the Earth 
geometry and one for the Orbiter geometrical configuration. 

The Earth path difference, Ar , is a function of 'altitude and 
path traveled by the Orbiter and TDRS relative to the. earth's 
center. There are three components required to calculate the 
Earth path difference, the incident and reflected path distances 
of .the indirect signal, and the path distance of the direct 
signal. The two components of the indirect signal are calculated 
by equations (12) and (13) in meters found in Reference I. 
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a is the effective earth's radius in meters (8.986333333 

e x 10 S meters) 

z i is the altitude of the Orbiter in meters 

z 2 is the altitude of the TORS in meters 

d 2 &d^ are the arc distances for the incident and reflected 

signal of the indirect wave in meters (reference 
figure 1) 

The path of the direct signal between the TORS and Orbiter is 
calculated by equation (14) in meters. 


fz * 

z 2 

z 

z 

2 

Z 7 Z "] 

. * - 

- 


- + 2 

i ■(• ... » ^ . -|- 

a 

f + 

1 - c o s ( — *~) 


L e 

e 

e 

e 

L e • 

e e e j 

L e - 



(14) 


d is the arc distance of the direct signal relative 

to the spherical surface of the Earth in meters 

The Orbiter path difference, A'r , is a function of the grazing 

angle and antenna height above the orbi ter 's surface. The path 

difference is calculated- using equation (15) found in Reference J 


as 


Ar o = 2z itan ¥ (15) 

Since z>> z x ; ' 

■ 2 " Z . Z ‘ .. 

tan ¥ . .= -l . 2 . ~ ■ _z. 

id d 

z 2 is the altitude of the TDRS in meters 

z is the height of the Ku-Band antenna above the orbiter's 

1 surface in meters 

Vj is the grazing angle in radians 
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4.4 Earth and Orb iter Multipath Factors 

The Earth and Orbiter multipath factors which represent a direct 
and indirect component compose the -received signal (field) at 
the Ku-Band Communi cations Antenna on the Orbiter. This field 
is a result of the transmitted signal from the TDRS. The resultant 
multipath factor for both Earth and Orbiter encompasses the 
five factors outlined in Sections 4. 1-4. 3 which are the electrical 
properties of the reflecting surface, the geometrical shape 
of the reflecting object, reflection properties of the reflective 
surfaces, surface roughness, and the path difference of the 
direct and indirect signal. The multipath .factor representing 
the multipath phenomena is a voltage ratio parameter. Equation 
(16) is used to represent Earth multipath.. 

L Mp (dB) - 20 log i 1 + p s (_i_) D jS c |e-j(|lL A r + * c )| ( 16 ) 

is the scattering coefficient (no units) 

is the differential loss factor between the direct 
and indirect signal (no units') 

is the spherical divergence factor (no units) 

is the circular polarized reflection coefficient 
magnitude (no units) / ‘ 

v 

is the path difference of the direct and indirect 
wave in meters relative to the Earth in meters 

is the phase lag of a circular polarized wave in 
radians 

is 3.14159265358979324 
is the wavelength in meters 
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Equation (16) is used to account for the multipath impact on the 
sum and difference radiation patterns as will be shown in section 
4.6. This equation is also used to account for the variation of 
frequency and grazing angle to evaluate the limitations of the 
tracking subsystem of the Ku-Band Communications Antenna relative 
to the Earth. 

The same factors that apply for Earth multipath will- also apply for 
Orbiter multipath with some modification. These factors that are 
modified include the scattering coefficient, the differential loss 
factor between the direct and indirect signal, path difference, and 
the divergence factor. The remaining factors, reflection coefficient 
and electrical surface properties, still must be considered. 

The surface of the Orbiter is assummed to be smooth having a . 
scattering coefficient equal to unity. Another modification 
is the differential loss factor between the direct and indirect 
signal which is negated considering the TDRS to be in the far 
field. The approach taken is to consider the direct and indirect 
traveling waves to have parallel paths incident to the surface 
of the Orbiter. The path difference, therefore, will be a function 
of grazing angle and the height of the Ku-Band antenna above 
the surface of the Orbiter. The only other major modification 
for Orbiter multipath relative to Earth multipath is the divergence 
factor- which requires the divergence to be from the cylindrical 
surface of the Orbiter, The cylindrical divergence has been 
proven to be the square root of the spherical divergence factor. 

This multipath parameter is calculated assuming the TDRS to 
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be in the far field. After incorporation, of these modifications, 
the Orbiter multipath equation used in the computer program 
is shown as equation (17), which is a voltage calculation. 

2tt 

L MP ( dB ) = 20 lo g I 1 + P s D cyl^ c ! e "^™ Ar ° + O 7 ) 


l MP 

P s 

D cy 

A 

R c 

Ar o 

V 


is the multipath factor in dB 

is the scattering coefficient equal to one (no units) 

is the cylindrical divergence factor (no units) 

is the circular reflection coefficient magnitude 
for a circular polarized wave (no units) 

is the path difference between the direct and indirect 
signal relative to the Orbiter in meters 

is the reflection coefficient circular phase lag 
in radi ans . 


* is the wavelength in meters 

Tr is 3.1 41 59265358979324 


The factors in these multipath equations, 16 & 17, which are 
varied to evaluate the multipath phenomena include frequency, 
grazing angle, and electrical surface properties pertaining 
to the Earth and Orbiter. 
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4.5 . Fortran Programs - ■ T 

The computer programs developed for this analysis are designed 
for the 1108 EXEC II system. The programs can be adapted to 
the 111 0 EXEC V.III system by making control card changes. The 
subprograms that were used to complete this multipath analysis’ 
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include a plot program, Bessel Function program used to analyze 
the multipath impact on the sum pattern, a difference pattern 
function to evaluate multipath impact on the difference channel, 
and a computer program concerning the reflective effect on a 
signal in a multi-layer dielectric. The multiple-layer dielectric 
program was used to study the effect of the TPS on the reflected 
signal (indirect signal). 

The programs developed for this analysis are contained in Appendix 
B which all use a double precision format to avoid errors 
due to round-off of the output data. The first two programs • 
listed and flowcharted in the appendix (Figures 18-21) are used 
to give the results of Earth and Orbiter multipath as a function 
of either grazing angle or frequency. The remaining two programs 
(Figures 22-25) are used to show the effect of Earth and Orbiter 
multipath on the sum and difference channels for multiple offset 
angles as a function of grazing angle and frequency. 

The components previously discussed that make Op the multipath 
programs for this evaluation are incorporated into two general 
computer programs relative to the Earth and Orbiter. The two 
programs are then adapted to study the multipath impact on the 
sum and difference channels of the tracking system of the Ku- 
Band Communications Antenna. 
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4 . 6 Multipath Impact on Radiation Patterns for Sum and Difference Channels 
The multipath effect on the sum anc! difference channels of the 
Ku-Band tracking system has been evaluated by combining the 
individual radiation pattern and the multipath factor into their 
respective electric field equations. The electric field of 
the direct and indirect signals relative to the sum pattern 
are written as a function grazing angle, fi , frequency, and 
offset angle, <{> , 

The geometry used to evaluate the impact of multipath on the 
sum and difference tracking channels is illustrated in Figure 3A. 

This geometry is utilized for both the Earth and Orbiter related 
multipath math models. The dotted line illustrates the path 
of the signal relative to the Earth multipath math model. * 

In Figure 3A the indirect signal is only illustrated to prevent 
possible confusion with a line representing the direct signal. 

The antenna radiation patterns are calculated for offset angles 
from the horizontal denoted by <p in Figure 3B between zero and 
ten degrees. The negative offset ( would refer to the Ku-Band 
Communications antenna being pointed towards the Earth or Orbiter 
surface. The electric field equations, for the direct and indirect 
signals that are used to illustrate the Earth and Oraiter multipath 
impact on the sum pattern are shown in equations (18) and (19), 
respecti vely. 

E <v+) = |h> 
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EtVj - 4») = 


2X ,°i ( 

0r) sin (■4' 1 - <t>)] 
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sin (-Vi - 4>) 
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(19) 


D 

* 

Jl 


is the diameter of the Ku-Band antenna in meters 

is the grazing angle in radians 

is the offset with respect to the horizontal of 
the antenna in radians 

is the fihst order Bessel function (Reference 0) 
is the Bessel function argument for 


i r^Dv 

il X ' S1n " $)] the direct signal 


Ji 


(~) sin’ (-*, 


is the Bessel function argument for 
J the indirect signal 


Equations (18) and (19)' are combined with the multipath equations 
(•16) and (17) to evaluate the multipath impact'on the sum radiation 
pattern relative to the Earth and Orbiter-. The resultant modified 
multipath equation for Orbiter multipath is shown 'in equation (20), 


L mp ' (dB) = 20 log 


+ E{-»i-*)(p s D 


e-j<r AI V*c>} 


( 20 ) 


E(^i -4*) 1S the electric field of the direct signal in volts/meter 

Ff-v -a! is the electric field of the indirect signal in 

A 1 “* ) volts/meter 

Equation (20) accounts for the combined effect of the direct 
and indirect components of the resultant signal received at the 
Orbiter from the TDRS. The indirect signal field includes the 
effect of multipath off the Orbiter. 


1 . 2-DN-B0703-008 
Page 23 


The result of Orbiter multipath impact on the sum radation pattern 

is shown in Figure 4. This radiation pattern illustrates the 

l, ... 1 i ■ 

results of a signal being received at a grazing angle of 1.5° and 
the antenna at an offset angle of 1.5° in a multipath environment. 

- ' .i i ■ ‘ 

The radation pattern is isotropic as all the patterns are in the 
design note. The error or peak shift of this pattern is shown to 
be .08° from the 1.5° point on the grazing angle coordinate. Sum 
channel radation patterns were also evaluated for offset angles 
between +5° within a 0-10° grazing angle spectrum. 

The Earth multipath impact on the sum radiation pattern is 
calculated using equation (16). The resultant modified Earth 
multipath equation relative to the sum channel is shown in equation 
(21) as 

L MP (dB) = 20 10 9 lEtn-*) + E(-'F 1 -*)(p s ( F -r_) 4|R c | e -j (f®- > + 0 c )j, (21) 

The equations used to calculate the direct and indirect signals 
in order to show the impact on the difference channel employs 
a sine function as shown in equations (22-23) which were derived 
■■■■■ from Reference ■ E. 


E 1 (h 


^ ) sin (^(jqpgg) + tt) - sin (it (fjpg^)) (22) 
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E" (-^ - <(>)zsin (ir(^jf-) +ir) - sin U(-fjfeg)) (23) 

is. the grazing angle in radians 

is the offset angle with respect to the horizontal 
of the antenna in radians 

is 3.14159265358979324 

is the half-power beamwidth (1.30°) 

To account for the multipath impact on the difference channel 

from the- Orbiter and Earth, E { ) and E ( -"'pi ) are replaced 

by E' ( 'i'j- <t> ) and E" (- - <t> ) in equatins (20) and (21). The results - ' 

from the difference channel function is repetitious which means 

the graphs are interpreted in a localized manner i.e. for a particular 

offset angle (grazing angle)’ on the coordinate axis within + 

X degrees the null shift may be read directly.- An example i.- 
shown in Figure 5 for the Orbiter multipath impact on the difference 
channel where the offset is 3.5 degrees having a null shift of .18 
degrees. The modified Earth and Orbiter multipath equations 
(20 and 21) pertaining to the sum and difference channels are 
incorporated into the multipath programs shown in Appendix B, 

Figures 44 and 46, as a function of grazing angle and frequency. 


4.7 Evaluation of the Multipath Effects 

A general computer program has, been written to evaluate the impact of 
•multipath on the Ku-Band Communications Antenna performance. 

The program has many modifications that- were written for the 
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1108 Executive II system. These modifications were written 
to show the impact of multipath on the received signal from 
the TDRS to the Orbiter. The different modifications aid 
the evaluation of multipath from the Earth and Orbiter as a 

• function of grazing angle and frequency. Another modification 
has been written to evaluate the multipath impact on the sum 
and difference radiation patterns to determine the antenna 

• limits of the Ku-Band tracking for the communications system. 

4.7.1 Evaluation and Recommended Implementation for the Ku-Band 
Antenna Referenced to Earth Multipath 

The five different surfaces chosen to represent the earth's 

composition are: sandy soil, wet soil, fresh and salt water, 

and ice. The results showed' minimal multipath magnitudes of 

10~3 anc j 10-13 between 0 and .2 degree grazing as a function 

of grazing angle. Frequency also shows a minimal effect relative 

to Earth multipath at a grazing angle of .2° for the five respective 

Earth surfaces. Figure 6 shows the Earth multipath mangitude 

from sandy soil which is a.lso representative .of the other four 

Earth surfaces as a function of frequency. 

The Earth multipath impact to the sum and .difference patterns 
as a function of grazing angle shows a minimal effect as illustrated 
in Figures 7-8 from sandy soil. The peak and null shifts are 
very minimal in the radiation patterns of Figures 7 and 8. This 
impact is also representative of the other four Earth surfaces. 
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The Earth multipath -impact to the sum and difference pattern 
as a function of frequency had the same minimal impact for small 
grazing angles from the five respective surfaces considered 
on the earth's surface as shown in Figures 9 and 10, respectively. 
The curves shown in Figures 9-10 show no scalloping of the pattern 
indicating that there may not be any interference within the 
frequency bandwidth of the TDRS/Orbiter communications link. 
Therefore, the impact of Earth multipath as a function of frequency 
shows that there is no effect as shown in Figures 9 and 10. 

The multipath from the earth's surface will have a minimal effect 
on the signal transmitted ‘from the TDRS at a carrier frequency 
of 13.775 GHz. Also, the pointing error or peak and null shifts 
are at a minimum for the sum and difference patterns of the 
TDRS carrier frequency producing a good tracking signal. 

In relation to the Earth multipath, the modulation of the carrier 
signal from the Tracking Data Relay Satellite (TDRS) may be' 
a despread signal due to the results shown in this paragraph. 
Recommended implementation of the Ku-Band Antenna is not restricted 
due to Earth multipath and therefore may function with very little 
interference from the earth's reflections. 

4.7.2 Evaluations and Recommended Implementation for the Ku-Band ,: : ,v 
Antenna Referenced to Orb iter Multipath 

The Orbiter multipath factor shown in Figure 11 as a function 

of grazing angle indicates that it is a cyclic function with 

increasing magnitude and angle. When integrated with a signal 
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degradation or enhancement may result. The Orbiter multipath 
factor as a function of frequency illustrated in Figure 12 shows 
that the multipath nulls do not occur within the r.f. bandwidth 
of the TDRS/Orbiter signal for grazing angles less than 3.5 
degrees. 

The Orbiter multipath math model was used to show the peak and 
null shifts of the sum and difference patterns for grazing angles 
between 0° and 10° at offset angles between +5°. Table 2 contains 
a tabulation of these respective shifts or pointing errors for 
corresponding offset angles within the grazing angle spectrum. 

Table 2 shows that minimum pointing error for- the sum pattern 
occurred at 3.5° offset (grazing angle) and 2.0° offset (grazing 
angle) for the difference pattern. 

The Orbiter multipath results shown in Figure 13 as a function of 
grazing angle shows that the minimum peak shift of the sum pattern 
occurred at a grazing angle of 3.5 degrees. Therefore, it may 
be concluded that the worst case tracking due to multipath interference 
will occur when the grazing angle is 0-3.5 degrees in relation 
to the sum pattern. There are still some minor perturbations 
in the sidelobes which are at a level of -17 dB down from the 
main lobe. 

The minimum null displacement of the difference pattern was 
found to be at a grazing angle of two degrees as shown in Figure 
14. The difference pattern is the signal from which the elevation 
and azimuth difference tracking channel is derived. Figure 
14 shows that there are possibilities for false lo'ck-on at lower 
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Offset Angle, <f> 

Sum Pattern Pointing Error 

Difference Pattern 

(degrees) 

(degrees) . 

(degrees) 


-2.0- 


.18 

.185 

-1.5 


.02 

.52 

-1.0 . 


.23 

.60 

- .5 


■ .20 

.25 

0 . 


.30 

■ • .02 

.5 


.20 

.10 

1.0 


.20 

.20 

1.5 


.08 

.15 

2.0 


.50 

.001 

2.5 


.50 

.02 

3.0 


.50 

.20 

3.5 


0 

.18 

4.0. 

■ ; .. . 

. 1 

1.10 

4.5 


.05 

.05 

5.0 



.04 


Table 2 Pointing Errors Due To Orbiter 'Multipath For Sum And 
Difference Radiation Patterns. ’ ^ 
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grazing angles shown by the small glich or false null in the 
pattern just before the main null. There are a number of false 
nulls in Figure 14 which accounts for the repetitous sine function 
used to produce this pattern. With this false null being close 
to the actual null which is characteristic in a multipath environment 
a spread modulation is recommended to avoid as little power 
loss as possible in the signal. In a spread spectrum modulation' 
or pseudo noise modulation the power bandwidth is large decreasing 
the possibility of total signal cancellation. 

The impact of Orbiter multipath on the sum and difference pattern 
as a function of frequency shows a possibility of interference. 

The center frequency of the carrier, 13.775 GHz, is shifted 
close to the null between the mainlobe and first sidelobe of 
the sum pattern for an offset of -2.0° and +3.0° at small grazing 
angles (0-1.32°) as shown in Figures 15-16. Therefore, the 
multipath interference may occur at these respective offsets 
with the center frequency of the carrier being shifted close 
to the null between the mainlobe and sidelobe of the sum pattern. 


The difference channel is affected by multipath in relation 
to frequency in that the TDRS carrier frequency bandwidth is 
at the top of the difference lobe for offset angles greater 
than 2.5 degrees and lower in the null for offset angles of 
less than 2.5° at small grazing angles (0-1.32°). Therefore, 
tracking of an object would be better at +2.5° off the horizontal 
of the beam. This result is shown in Figures 17 for offset angles 
of +2.5° relative to the difference pattern. 
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In relation to Orbiter multipath, there is a possibility for 
cancellation of the TORS signal as explained in this paragraph. 
Therefore the recommended modulation to use is pseudo noise 
(PN) for the orbiter multipath environment. 
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5.0 RESULTS 

The purpose of this section is to summarize the factors from the 
previous disussion to define the rationale for pertinent recommenda 
tions for operation of the Ku-Band tracking in a multipath 
environment. 


The first three discussion sections (4. 1-4. 3) reviewed the factors 
and geometries used to build the math models to analyze multipath 
relative to either the Earth or Orbiter. The r.f. bandwidth 
(13.75-13.80 GHz) analyzed was the Ku-Band TDRS/Orbiter 
communications link which operates at a center frequency of 13.775 
GHz. The calculations performed considered the geometrical shapes 
of a sphere and cylinder for the Earth .and -Orbiter. The factors 
that are considered in these math models are grouped into three 
areas which include: .the electrical characteristics of the 
reflecting surfaces, reflective surface characteristics, and the 
path differences between the direct and indirect signal from the 
TDRS. Equations 16-17 represent the multipath factor relative to 
the Earth and Orbiter, respectively. These equations may be 
adaptable to numerous surface conditions oh the Earth or Orbiter. 

Multipath at small grazing angles can have an impact on the 
operation of the Ku-Band tracking system. The multipath phenomena 
may impact the system by shifting and scalloping of the sum and 
difference signals which could result in a false lock-on of. the 
TORS signal as shown in Figure 37, and also a r.f. phase variati on 
which could result in partial or total cancellation within the 
spectrum of the TDRS signal . ... ‘v 
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The received signal_on the TDRS/Orbiter link (Forward Link) 
may be enhanced or degraded by the multipath factor dependent 
on the r.f. phase variation between the direct and indirect 
signal, and also the electrical characteristics of the reflecting 
surface. The sum and difference curves shown in Figures 37 
and 38 show a minimum peak shift of zero degrees for an off- 
set of 3.5° and a minimum null shift of .001°. The sum pattern 

will not have maximum tracking for grazing angles of- 3.5° or 

- ■« 

less. The difference pattern showed a minimum shift for grazing 
angles of 2 degrees or less. The difference between the peak 
shift and null shift which has the maximum difference will yield 
the best tracking signal. 

The most favorable modulation for a multipath environment is 
considered to be a -spread spectrum or pseudo noise type of 
modulation. This fact has been shown to be true in past history. 

The spread spectrum spacing for Ku-Band is 2.9599 kHz over a 6.056 
MHz bandwidth. The spread spectrum requires a small beamwidth, 
as is baselined, in order to operate properly. The spread spectrum 
has a 1 very good advantage over other modulation-s such as the 
despread modulation where, if cancellation does occur, the cancellation 
may be very slight in comparison with the despread modulation. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

As a result of this multipath study relative to the Earth and 

Orbiter, the following communication oriented recommendations 

are made for. the Ku-Band Communications Antenna tracking system. 

(1) The multipath effects from the earth's surface will have 
a very minimal impact on the TDRS/Orbiter communications 
link (13.75-13.80 GHz). As a result communication may 
be maintained when the TDRS is v/ithin the line of site 
of the Orbiter. 

(2) The Orbiter reflections will impact the sum and difference 
patterns limiting the antenna scan of the Ku-Band tracking 
system. Grazing angles of 3.5 degrees or less will generate 

an impact on the received signal by scalloping of the radiation 
patterns and may also result in a false lock-on. The recommend 
ed scan limit for Orbiter multipath corresponds to a minimum 
grazing angle of 3.5 degrees. 

(3) Use of the spread spectrum (pseudo noise modulation) is 
recommended to create minimum cancellation impact and may 
be used during acquisition if the signal-to-noise ratio 

. is adequate. _ ■■■Viv "- : -t 

(4) Further use of this math tool may be applied to radar problems 
and changes in the baseline antenna patterns. 
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FIGURE 1 EARTH MULTIPATH GEOMETRY 
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SHUTTLE ORB ITER (FRONT VIEW) 
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. - FIGURE 2 ORBITER MULTIPATH GEOMETRY 
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FIGURE 13 EARTH MULTIPATH- AS A FUNCTION OF GRAZING ANGLE OR FREQUENCY 


BU0-E0Z0y-liG-2’L 


0 C 1 1 t 

12* 

C 

ac u ? 

11* 

10 

00 120 -—.- 

■ 1 R • 

. . -2*. 

00 120 

lb* 

: cv ; : 

00121 

it* 


00 121 

I 7a 

c 

.0 C 1 2 J 

!#• 

— — .. 

oc i it 

IV* 

C 

00 1 2 3 

20* 

' . Ti 

OH 1 2 V 

2 1 • 


00 12* 

22 • 

- . c -:*m**— *■ 

001 zs 

23* 


a o 1 2 s 

2 1 • 

• ; c ] 

PC 1 2 A 

2b. 

• — 

00 i 2 A 

2b* 

t — “H- • 

0 0 1 ? A 

27* 

c 

0 C 1 2 7 

2 a* 


Of 177 

2V. 

c 


cot .V? - 

H 2 • 

— 

: ootsn 



' o ru n n 

HH ♦ 


coi ho 



- «o »••» -- — 

H6t.— - 

R— 

001 HI 

:H ? • ' 


00 1 HI 

Hb« 


OOMV 

HV# 


- o c i h y — • 

SC# ~ 


OX l H H 

bi* 


OC l H * 

SI# 


CCIHH 

1 H v 

>J* 

ss# — 

1 » 


DO LOOP MM | HUM. LI H t T 
*'F»O>i><2 6 *tNU"‘*llcON,Rr)!E»c0MPtH 

-roHMAT1301«..V.l3> 

KflUf.HiitSS MOTOR 

h«2. , ’ 

0 I STANCE FROM EaRTH'S SURFACE To urbiter 

. Z 1 »H . 3VV7Vo4liS - — , . ' : ... 

DISTANCE bhuN E a K T H • S SuRFACt To TORS 

Z2*3.S7Bao7 ’ 

F* > — 3 • I 4 I S‘/ ?ft'.3Bn V7V32 J ft 

CFCvKEt TO n AO | All CONVERSION ... 

> *IM / I bC • ' 

Radius nr 'the Earth 

A. ,r-fth9 J3333307 

Asm c nEiALtf. Line from Ohh i t e.R • and NCKmAI TO .-tAftT H I S -TaNGENT.-RELA- 

Tlvf TO T.il CENTER OF THE earth ' 

T H E T 1 * O.A Cus i A / ( / 2* A I I ' • . , . _ . 

AbClE bETaLIN L|Nt I ROM TORS A»0 NORMAL TO EARTH'S TanGENT. RELATIV 

• t in i-f cenHR of the earth---— — : — _ 

S T HE 1 «0 A COS | A / I 7 It A ) I . 

T I • t HF 1 1 ♦ \ I . t:x I 

S T »S I lit T ♦ I I » ' X ) • 

HA»|R(|H ANulL THETA AT &RA21N&. - — — — — ..si- — 

b 1 .i f T • I l «b I • . 

CONTINUE 

total mc ut stance nltv.eEn tors and orbitlh 

0 • i M i • A • b T »ifc I I / I bb • ■ - - - — — — 

P* 1 ? . /USWR II 3. I I • tOSOrtT I A»t .21 *Z» 0/2. 1 **2. ) J 

P H t • 0 A t O S ( ( | Z . • a 1 • ( 1 I - 7 2 > • 0 > / P • * .3 • I 

ARC 01 STANCE !> L T •* t t N T >i E REFLECTION POINT ON THE SURFACE OF THE 

Earth ai.O IhL OnuITfR ■ , .. . — — 

b.Z *iv/ 7 • «P »oc US ( (Ph i ♦ H 1 ) / 3 • 1 

ARC OlSlAlitf HtTHtTN ToRS aN& REFLECT 1 On PO I NT OFf THE SURFACE OF 
The EARTH ‘ ‘ - 

0 I *11-0 2 - • -- — — — i — 

T AO DISTANCE CUrPOHENTS Of indirect SIGNAL . • * 

R ANGl ■USURl ( A • • 2 ♦ l A>7 2 J »*2- (1 2* • A > • t A* Z2 > *UCOS » 0 1 7 a> M 
Ranc, 7«0S0R I l A«»?» < a» 7 I t * »2-l t 2. • A) • ( A*Z 1 >'0C0SlU2/A> ) ) 

o i stance Traveled ht direct s i oral 

KAN&-A»riSu«T I ( L I / A I • *2 . ♦ I / 27 A I *.2 .*2« • (2 I/A I • l *2/ A) *2.* < t .♦< Zl/Al* 
It /> / A I ♦ l: Z 1 1 a i • l l 2/ A I I • t | --NCOS < 0/ A' » ) I 
PATH HlfFERfliCt ( HflH OIWECT AND INDIRECT SIGNAL' 

> H AIMF .RANG I *R AHr. 7 -RanG • ....... ' 

ANGLE t-tutf N RffLECTEn .Signal PA'TH AND UtiC FROM EARTHrS cemter 
T o THE OR b I T E R 




T A i| I ■ n A s T R I ( A . 6 s l n | 0 2 / A I T / R A H G 2 I 

AHG| t beThleN S|GH»L PaTH Of 1 hf) ! RE C T- 5 1 G NA 

E FROM THE cENTeH r.F TmF LaRTh TO THE UjRS 

T A m * (I A 5 I N l I A • 0 s l: N I fi I / A ) I / « AI. G l I 

COIfHEE H( LI OF GRAZING ANGLE 

■ T All 2*0 AC US ( I I A *?2 I «0C0 S I Tau 3» -RANGl ( /A > 

U I T A U 7- CGnp >23,23.2? 
b T H b T-utHEI-. I 
1 1 i T AU'2-ConP > 23 .23 ,2R 

CoNT IHIIE - ' — * 

graj lot. Angle 

g A H a i • p r / 2 * - T a u ? 

0 I V tR G L N C E TAcToR 


L-FHOn-Tht-ToKS-ANO -UN- 


FIGURE 13 CONTINUED 


SO 


eoi *2 

70* 


0 0 I A 3 

■ . 71* 


CO 1 4 1 

— - 2 2 * — — 


on i 44 

73. 


C 0 1 6 H 

. 7R. 

C 

00 I AS 

7 S » 


CO ! A* 

- ^- 4 7 b* --- 


at 1*7 

77. 


C C t 7 0 

7 e • 


CCt 73 

• IV* ;■ 


CPI )* 

- • e 0 • v.i--. - 

- -H 

9017* 

ti 1 • 


0 0 17* 

*2 4 

c 

* tv 0 1 

ti i* 


oo/oi 

/A...,. 

c 

CP-0 1 

b S • 

c 

C0/07 

b l • 


cc/o? 

b / * 

c 

on. oi 

- m • • 

-- 

0 C / 0 3 

hV. 


op vm 

‘rtr* 

c 

PC 20 4 

9i* 

c 

or/n« 

V 2 » 


co.*n« 

V 

c 

0 0/0* 

: V *i. '• 

c 

ao/ns 

V5* 


tin 4 b* 

* V4* 


OCVOA 

* yj. 

c 

00/07 

Vb* 


b c .* o r 

V V • 


CCVPJ 

— 1 DC. 

c 

on* \ n 

1 3 I • 


0 02 jn 

102. 


0 02 i n 

104 • 

c 




0 C2 1 1 

IOV» 


PPi 1 2 

1 0*. 


C C 2 1 2 

10/ • 

c 

C 0 v t > 

*-M- 10** 


cc/n 

1 U> • / . 


o c d i y 

1 ID. 

c 

en2 i s 

Ill* 


0C2 1 » 

. I 1 2a 

c 

oc / 1 s 

1 [/* 


co. i s 

1 l R. 

c 

0 C 2 1 * 

1 IS* 


002 1 * 

.... 11*.. 

c 

0C2 1 7 

117. 


CO? 1 7 

IIP* 

c 

00220 

11 V. 


C 0 2 2 n 

- 1 2 ti* 


00/ 70 

121. 


oc2?n 

1 22. 

c 

CD/ 2 1 

12 3. 


0 0/77 

. | 2 R . 

-- 

0C/2R 

1 2b. 


0022S 

1 2 * • 


00230 

12 7. 



Of VI«A*fRANf,l»KA«G?>»0S0RT<0S|NtTAU2l*Dc0Sf TAU2.» > 

Oi VJ-OSOK rj t 1 a 4 72 T.RangI •OCOS ( I AU 3 ) * t AA 2 l I * (< AR*»2 • OCOS t T AU 1 ) ! • I A*2 ! 

I )* I A *2 2 l ‘Ob (N I BtWET»X > ) - ; - ■ - - - — 

0 I V ■ 0 I V ) / u 1 V ? 

f Kf^ViUCt OF TRaKShITTED SIGNAL FROM Tors to 0«b I T eR 

• ■ i 

f pf o ( t ) • 1 3 • 020.00 con v — * — — 

N 4 H - I 

DO SO I • I. N 

E Rf G I 1 * 1 ) *FnEot I I ♦?S. SBSSOA 

CflHT I f.UE . - ; • - . ! 

ft'xVrLC nGT'M' Of TRANSMITTED SIGNAL from The tors to the orujTer 
*avf«3.q0o/i keck 1 1 • „ „ 

riiNcTlUN UA DIELECTRIC CONSTANT USEO FOR COmPUT 1n 6 REFLECT I OR_COEF. 
F I Cl E H T ' 

V • I . fi 0 11 |C* I C 0 M / F H E C l I ) J , 

FAH.Mt’fR G*.tD TO r Al C UL ATE REFLECTION c°LFF JCI-EmT 

S*OSLwTflDSi,l‘TUi<'jlF-(|./2.I«<I. 4 DtoSt2. 4 DAMAIIJ) 4 »2.»T**2 4 )t.tfiDIE- 
1 “ I 1 . / ? • 1 4 f i . 4 DCni I 2 » ■ C. AH A 1 I I ) ) / 2 • i 
Function OI DU I LCTKIC CUiiSTAnT AND .FREuMt'MCT POR COMPUTING REFLEC 
t I till C OF F F t C I E N T 

PaWaME tfKi llStO TO CALCULATE VERTICAL f 1 OLA R I 2 A T I ON REFLECTION COEf"' 
> ICILuT . ■ " 1 

(iv»I1.DIF 4 *2* 4 V 4 »2.1/IS« 4 2.»D**2.I 

P v •- 1 2 • 4 t S 4 R i> I E 4 0 4 T ) 1 / I S • 4 2 • 4 L • • 2 • I ...... 

Vertical rui-ari /*t him reilicIion coefficient 

t<V *l)Suh T I l 1 . 4 1 h v 2 2 • I 4 I I . -tiCOS" I 2 . 4 GAHA 1 I I *KV 4 OS 1 N I GAM A 1 ) ) / I 1 • 4 t riv/2 

1 i 1 . I I , -NCOS t 2 . • gAHa t 1 I 4 RV.0S1 N t GAIOA I I I J 

PnasE anGEc - Change for a vEld iCaL PULAS I 2E0- GAVE _ 

Fh* v*n at an 1 1 1 4 i. s i n i o aMa i I - o) / 1 no I E»tiSi n t Gama 1 1 -S j > -oat An t < t #us In t g 

T Af! A I i . u i / ( KP i r 4 flS ] n t c, am a l i 4 s I i »p i „ , 

Pahahf irRs lSeu To calculate uukizortaL P0laR1?atIuh reflection co 

. efficient * .... — — - — ...» — • 

li h • I • V l S 4 4 2 . 4 0 4 » 2 • I 

P H • < 2 . • S ) / l S 4 • v . 4 « 4 4 2 4 ) 

F.()H( CtifiTAL REFLECT (UN COEFFICIENT * 

RF4«(lSUH T I f 1 . 4 I III. / 2 . I 4 ( 1 . - UC US I 2 . 4 GAMA 1 l ) - Pll 4 OS lf*l.G AHA 1 I ) / ( 1 . 4 I (1H/2- 
l> I 4 H A - OCOS ( 2 . • GAM A I ) I 4 PH 4 OS I N l C, AHA I I l> 

. Prase angle Cmangl for a fiOrI/ontal polaRiieo rave 
PMA„ 4 0a t AN l -4/ < OS ) n I G Am A 1 I - S I i -0 A TAN I 0/ ( Os I N I GAmaU 4 S I ) »P I 
CIRCULAR REFLECTION COEFFICIENT • 

RC*OAPb I llivtkii 1/2.1 • 

PHASE ahull CHAnDe FfiR A CIRCULAR POLARISED AA v E 
Pli AC « I PhA V 4 PM A N 1 /2 . 
scattering hUirci ion coefficient-.. 

SCAT *I> SOM l ttXP.fr I i < R A 4 Pl I/A'AVE1 4 M 4 DS1 NIGaMaI) ,4 *Z1) 

Ml. it I PA T M F I Led , S TREl.f. TH 

flEL0-l. 4 l(RAl,G/lNANr.l 4 RANC.2)l 4 0IV 4 DABS(RC) 4 SCAT) 44 2.4.2, 4 ((RANG/(R 
IAl.Gl 4 RANG2U 4 Olv 4 UAliSlHC) 4 SCATl-lOCOSIl(I2. 4 P|J/MAV£) 4 PADiri 4 PMACJ. 

2 1 

MULT ) HaTM 1 aCtOr 

Re LP I I 1 -20. 4 tL0r. 1 Cl 0 Ails I F I ELC I ) • 

--—Re Continue • - : — 

J* I ........ 

On si l ■ i .H • 

HIRED! I 1 “SI.GL I f A ED [ J 1 I 


_J3JL^ 


cr^r 

1%. 


A *-d 

G *p> 

'W- 


! 

CO 


FIGURE 18 CONTINUED 


COO~oOZO0“H(J“2‘ L 




18 continued 


eu 0 -£ 0409 -N(]- 2 U 


1 .2-PN-B0703-008 
R-5 



CONDUCT EVCTT OF i TPC OF l RKTH SURFACE • 

RELATIVE 0 [ELECTRIC CONSTANT GF TYPE OF EARTH SURFACE 
AP, CD [STANCE INCREMENT . • 

FREQUENCY QF TRANSM [ 1 TED SIGNAL FROM TORS TO ORB TIER 




ARCD [STANCE 1. [MI TAT ION 


'READ CS. 67) K 



FORMAT ( IDL6.9)- 


ROUGHNESS FACTOR 


DISTANCE FROM EARTH'S SURFACE TO ORBITER 


Zl=U. 399796UD5 


DISTANCE FROM EARTH'S SURFACE TO TORS 


Z2=3 . S786D7 
Ul 
' J= L 

P 1=3 . LU LS92653BS9793238 


DEGREE TO RADIAN 


X=F 1/160. 




ANGLE BETWEEN LINE FROM ORBITER AND NORMAL TO -EARTH. S TANGENT REL.A 
FIVE TO THE CENTER OF , THE EARTH L •; 


S 





















1 


1.2-DN-B0703-008 

B-6 


r,HETL--DRC0SCR/C23+R] ) 

• 

ANCLE BETWEEN LINE FROM TORS AND NORMAL TO EARTH'S TANGENT REl.ATH 
E TO THE CENTER OF THE EARTH 


STHET-OACOS (A/ CZ L+A ) ) 
T L = THET L* CL . /X ) 
ST=STHET*tl ./X) 


MAXIMUM ANGLE THETA AT GRAZ TNG 


BTHET=T l+ST 



CONTINUE 


BTHETUBTHET 


. fi2 


CONTINUE 


TOTAL ARC DISTANCE BETWEEN TORS AND ORBITER 


e 


D— CPI *A *S TRET i / 180 . 

P= (2 .‘Z030RT C3 . ) ) * (OSGRT (A* (21+22 ) + (0/2 . ) *s*2. J ) 
PHI-OACQ'S-C 12 - *fl* CZ L-Z2 ) *0 ) ) 


ARC DISTANCE BETWEEN THE REFLECTION POINT ON THE SURFACE OF THE 1 
EARTH ANO THE ORBITER 


02=0/2 . +P*DCQS ( (PHE+P I ) /3 . ) 


ARC DISTANCE BETWEEN TORS RND REFLECTION POINT OFF THE SURFACE O r; ; 
THE EARTH - i 


01 = 0-02 


TWO DISTANCE COMPONENTS OF INDIRECT SIGNAL 


RANG 1=0 SORT (A*x2+ CR+7.2 ) ** 2 - 1 (2. *A) * CR + Z2 ) xOCOS (Ol/A ) ) 1 
RANG2=0SQRT CR**-2 + -CR + 2 L ) ** 2 ~ ( (2 , *flJ * CA + Z L 1*QC0S CD2/R ) ) ) 


DISTANCE TRAVELED BY DIRECT SIGNAL 


RRNG=A*OSQRT C ( Z L /A 1 * *2. * CZ2/flJ«2 . -2 .■ * CZ 1/A 1 * CZ2/AI + 2 . * (.1 .+(ZL/R!~ 
C22/RUCZI/AUIZ2/A) !*il. -OCOSCO/A) ) ) * 


CONT. ON PC 3 


'• ERRMU 


FIGURE 19 CONTINUED 


















1 ,2- DM- BO 7 03-008 
B-7 


C PHTH OCFFE-RENCi: FROM DtRE'CT flMO INDIRECT SIGNAL 


P ftO [ F RANG I + RRNG2 - RANG 


RNGLE BETWEEN REFLECTED SIGNAL PATH AND LINE FROM EARTH'S CENTER 
TO THE ORB HER 


! RU l = 0P.S IN ( (A*03 IN (02/A ) 1/RANG2) 


TflU2=DAC0S ( ( (fl+7.2 J *OCOS CTAU3 ) -RANG! ) /A ) 


^TfciR u2-pi/L^^ 


o 


STHET=BTHET-L , 

IF (TAU2-PI/2. J23.23.2U 


CONTINUE 


C GRAZING ANGLE 


GPHAl ( 1 1 -P f/2 . -TAU2 


C DIVERGENCE FACTOR 


0 I V l-B< (RANG1+RANG2 1 *0SQRT (OS IN ( TAU2! *OCOS C TAU2 J 1 


0 IV 2=0 SORT C C (A*?. 2 1 * RANG l <0003 ( TAU3 ) «• (fl+?.l ) <RRNG2*DC0S ( TAUt 11 * m*2 L 




FIGURE 19 CONTINUED 
























V 1 I i I I \ . 1 

• • ■ 1.2-DN-G0703-008 

t 



CONT.’ ON PG 5 : ^ ERRMU . * 

. ■ /, . v > tvt e&jLJCE s. 



FIGURE 19 CONTINUED 


















! N.I 


1.2-DM-B07Q3-00B 

B-9 


|C FHPiSO ANGl £ C.KHMgf f C fl ^ HQfl [ PO RTAL COLOR [?f:U WA VE | 

w _ v/ . • 

IWflH-OflTflNC-Q/ (US IN (GAMA [ [ [ ) ] -Sll -OflTQN (0/ (03 IN (GAMA Lt f 1 ) +3) ) +Ff 

y 

C CIRCULAR REFLECTION CQCFF IC fENTj 

'll 

rfiCsORBSC CRV+RH1/2. ! I 


PHASE ■ ANGLE CHANCE FOR A CIRCULAR POLARIZED WAVE 


PHfiC- CPHAV + PHAH ) /2 . 


SCATTERING REFLECTION COEFFICIENT 


scflTsds'oR r (OF.xp c-tcm.*PD /wave) <h<os in igrha l (in i"«2 ) i 


C MULTIPATH F IQ 0 STRENGTH 

^ _ 

F f ELO= I . n (RANG/ (RRN&1+RANG2.) ) *Q IVaOABS IRC ) *SCAT ! **2 . +2 . * ( (RANG/ CR 
RNGL + RANG2) ) *0 I V*OA6S (RC ) *SCAT) * C DCOS ( ( ( (2 . *P I ) /WAVE ) *PAD IF ) +PHAC 3 


C MULTIPATH FACTOR 

j . ‘ ' 

RELP 1 1 ) =20. kOLOGLO lOABS'CF IELO I 
GflMSLtn=GAHALCIUCL./Xl • 
GRAZE ( I ) =SNGL(GAMA L (J) L 
RHP ( I ) --SNGL (REL.P ( J ) ) 

U=BTHETl-K 

[=i+ i ‘ : . • 

J = J +■ L 

. 8THEr=BTHET- INC 


IF (BTHET.C-T.U) 


GO TO 2 L 



N ft MEL I ST / Ffl T 1 5 /RELP . GAMA l 


WRITE (6. PAT 15) 

N A H EL I S T/ P A T H 3 /RMP .GRAZE 
WRI TE IB. FHTH3) 


CONT. ON PG 6 


ERRMU • 

EG__5__0P 6 


FIGURE 19 CONTINUED 















1 . 2-DM-B07 03-008 
B-10 



EflRMU ‘ 


FIGURE 19 CONTINUED 





* J 


a for ohbmj.orbmu 

UNlVAC 1104 roRTHAN V EXEe !i LEVEL 2SA -lEXEca LEVEL E120I0010AJ 
this compilation *as oome on 22 jul 77 *r uio*i5a 

MAIN PROGRAM 


22 JUL 77 


tj? 6 J i 8 • 1 1 T 


STORAGE USED I COnE(t) 0007111 OATAIOj Cn077*1 blank C0MM0NI2) 0QS331 


external references (Block. nAm£j 


- COO 3 

aooi 
000s 
noo* 
0007 
0010 
0011 
GDI 2 
00 1 1 
00 11 
0015 
00 1 A 
00 17- 
0020 


. NROu» ... 
N ! 0 2 i 
DACOS 
0*IM( 

-- UCOS -■ 
0 S w R T 
OTAN 
DS I N 
- 0 E A P - 
N A ll L * 
OLOGIO 
NAriU* 

— N A EE % - 
NSTOP* 


. iToRAOE- ASSIGNMENT 


000 I 
0000 0 
0000 0 
0000 0 
ooaa o. 
nouo 0 
flOOO 0 
oouo o 

0000 D 
0000 0 
-0000 o 


000lj71 2 1 L 

P G 0 A 3 2 A 
000*00 CON — 
0 C 0 * 7 H bi? 
000*11 M 
000A6I piojr 
000*11 pmac- 
goos** Pv 
ooos/n koIE 

000&72 s 
000*10 *aVE_ 


(BLoCK. -TYpE, RELATIVE-LOCATION* NAME} 

ngo 2 n 1 

000 S a1 


, ?*P 

0003*1 f\M 
coa*n* 0 
0 00*70 MELD 
000*7/ I 

030/ I Q PATH! 

non* u * ph ah - 

00r,b7l o 
G0n2 0 OOCO.aO HELP 
GOOD 0 530*1* SCAT 
0000 0 000672 X 


0000 
0000 0 
0000 0 
0000 0 
0000 I 
0000 
. DOOO 

cono 


000 1 

0000 

0000 

•000a 

0000 

0000 

0000 

Onoo 

onoo 

ones 

onoo 


cgcoos 
0 000*6* 
0 003&S* 
0 000*1 2 
0 0003*2 

000/25 
D QUO**' 2 
0 000*00 
o 003*10 

0 DOOSiQ 

0 acc-Ao ' 1 


OoL 

ur«ET 

Ois .. 
FREQ 
•ItiC . 
PATH2 
f*HA V • 
HANOI 
■ K H 
SICK 
If 


COO! 

0000 

0000 

0002 

0000 

Ocuo 

oeoo 

UDOC 

ODOO 

0000 

OOOQ 


000*7* 
O0Q670 
0 0 Q 6 3 1 
0003B6 
0007 00 
000703 

0 0 0 * s * 

00 0* B 2 
000000 
0006*2 
000621 


36 l 

BTHET! 

QOpl 
quo a 

0 

0007 I 2 
00 OS 7* 

*•11 

ev 

OIV - . 

aooc 

0 

00 Q *S 1 

El . . . 

4 A !'. A 1 

0000 

R 

0002 6 2 

GRAZE 

J 

0030 

1 

00067* 

K 

path* 

0000 

0 

n n n s r 2 

PH 

PH! 

cooo 

D 

GO 0*2 2 

PI 

KANG2 

00? 0 

u 

00063U 

RC 

RMp 

OOOQ 

0 

0.0 0 fc 3 * 

% v 

STHET 

000a 

0 

00C6 6 0 

THETl 

21 . 

0000 

u 

C0 06 2<* 

12 ... 


00 101 
DO 1 0 3 
80 1 01 
pn IDS 

I* 
2 « 
3 • 


. oa to* 

0 0 10 7 
80110 
0 0 111 __ 

* &• 

A« 

7 * 

— A » ^ _ 


00112 

V • 


• PO 1 1.7 

10 * 

c 

00117 

lU 

c 

00112 

1 £• 

. C_ : 

00112 

* U# 

c 

, 00112 

» ** • 

c 


COMhOH RElP ( 1 83) .GAMA 1 | » 83 I 
Dimension hmpi ibJi .graze* ibs) 

OOUftLE PRECISION 0 |S .SICK, INC 

-OOUrLE PRECISION Bm.PV.RDIE , s , Q.flV.CQN.PH.T 

DOUBLE PRECISION O.HAVE.FREO.H 

double precision Scat. field, Pi .71 ,Z2,.rc,a»div 
OoUbLE PRECISION Nv, rh. phav, Phac .PHAH.ReLP 
Double PRECISION Rang! ,RAN(12, Oil .PHI .GAMA 1 .THETl 
DoUrLC PRECISION STHFT .PAD IF.BThET.BThET » .A. 02 
CONnUCT! v I Ty OF T-hf ORBITER SkIN 

Relative dielectric constant of the oruiTer skin 
PrEoUENCT OF TRANSMITTED SiCNaLTROH Tors To ORbItER. 
arcoISTaNcE Increment 
Loop dimension 


FIGURE 20 


ORBITER MULTIPATH AS A FUNCTION OF 
GRAZING ANGLE OR FREQUENCY 


--.0.0- 

^ pa 

►O O 

Q- «- 

o e 

S3 > 

...Jz.JSL 

o M 

r- * 

-|S- 

3 m 


LL-a 

coo-eozoe-i'ja-z* l 



00113 
00122 
00 122 
00 121 * — - 
0C 1.22 
00 129 
QOI 2 4 

00125 

00 1 24 
00122 
90 1 30 

— 00 130 

8 0 131 
00131 

_ SSS il 

QC137 
BO 1 3 1 
COl 3 3 

— CO 133 — 
S O 1 3 *4 
CO I 3 4 
0 0 i 34 

— 00 13 5.— 
CO 1 35 

00 I 34 
QOI 17 

— CO 1 3 7.,— 
00 140 
PG 1 4 ! 
00141 

— 3 0 14 1- — 

00 147 , 

oo i O 

0014 3 

— CO l 4 4 

00 144 
90 14 5 

QO I 4 4 

— 301 44 

00 147 

• 0*47 
00 150 

— 00151 . 


”5CAOtsVj*VC«0»^T»cl>M.«ofC. INC, FRE«»K " 

FORMAT ( hD 1 A. 9 , 1 3 ) 

distance beta e en .tons ahO obiter 
. Z2o»sa<t&0203At>7. — -i.. . : ... : ■ 

DISTANCE BETWEEN OHBiTrR SKIN AND KU-BANO ANTENnA 
2 1 ■ | .Q 

Rms r o u g h n Eis s In meters 

H «0 • 0 , , i ; .. 

r»i . 

^!-3.lHI&92A535897'> 

degree to Radian conversion—.— 

*"PJ/180« • 

ids, nr the orb.i T rR tuselaSe 

A'» ?. 992 | QoSBHj2a I Afl 

Af.at i beTaeen cine frOh antenna .and .norkal..TO .Orb iTeR»s Tangent 

RELATIVE TD ORiItTER'S CENTER . - ■ • 

ST H E T-D A CoS ( A / ( t 1 A A J 1 

angle between line from idhs and normal To ohqIte*»s tangent Relat 

- lv£ TO THE 0«8 1 TER *S CENTER. 1 - „ ; 

THET 1 «D ACOS 1 A/ t 72. A n _ 

APCDtSTA N CE BE f AEEw THE REF LEc T ION PO 1 NT On THE SURFACE OF THE ORB 
Iter and the ku-bano antenna 

D2«a»STHET ......... . . . 

Total ahco t s t ahcE between antenna and tdRS 
0 • a * 1 THE TI«sThEt) 

6 T H F T » OA T A N 1 2 » / n 2 1 

'grazing angle — ; . 

Gama l l ! ) *a TmEt.BA T an I 2 1 / 1>2 1 
Continue _ 

ARC0I5 f a N C E between TORS AND REFLECTION TOInT OfF TwE SuRfACE OF 

oM ? 1 * ” ; T~ * ~ 

ConPLE HE NT -OF GRAZING ANGLE 

phi • ip i / 2 . i -G ama h n •• . 

B THE T I *P ! /2. »PH 1 ...... 


• » « • w 1 * ’*-" 1 ... w *- * •» »j.ri yiin*wi nuw ii'u 1 •> « vitT n w . - — — ... _ : 

PaDIF-2* »Z> »DTAN 1 GAMA 1 (1 5 ) 

divergence factor 

S 1 CA*C!ACUS1 ( a. • j . 1 A *2 I j . • 2_rAnG2« • 2 > / 1 2 •• A» ( A-Z} ) 1 1 

• Dt S-OSaRT ( 1**05 IMlGAMAI U 1 1 ) / l Ia’OSINI&aMaH l 1 ) * 1 2 » •Rang21.1*.(.I .♦ 12 
I I / A I- 1 • 0 S 1 N l s I C K ) > ) 

0 | V-OSGRT I 0 I 5) 

*avflength of Transmitted signal from the tors to The orbiteR 
• AVf «3 . 0 D 8 /FREQ ‘ ... - ...... 

FUNCTION OF DIEiECTRIC CONSTANT USED FOR COMPUTING REFLECTION cOEF 
F I C I E N T 

r. 1 . 800 1 0* l CON/FREo) 

Parameter usto to calculate reflection coefficient. 
S«osaRT(toSoRTl(ROIE'(I.i , 2,l»ll,.OCOS12.»6AMAIill)>)»»2.*r»«2.)»(R 
I 0.1 E - 1 1 » 2 2 • I • ( 1 . » D.COS I 2 • * G am A I 1 I > > ) ) I 2 2 * I . 

FuNcTiQjN of dielectric constant and freoUenct for computation of r 

eflfcti.on COEFFICIENT ... - . . .... ... 

9* T / I 2 . • 5 1 . .: f 

Parameters used To calculate vertical polarization reflection coef 


FIGURE 20 CONTTNtIFn 



1.2-DN-B0703-008 

B-12 


V t 


°o% 


0 Q 1 S 4 

73* 

C 

001 G7 


. 

00 1 40 

7&a 


oo i *n ~ 

7*4 .. 

c. 

3 0 i*| 

774 


0 0 I4| 

7fl* 


00 14| 

79* 

c 

0 0 14) 

™ * 0 # *- 




e c i a ? 

SC I 43 
0-0 l 4 1 

00143 - 
ncui 
ecu; 
oat as 

00 144 
3 0 14 4 
0 0 144 
00 147 
GO I 70 
0 0 17 0 


81 • 

ar» 

-.8 3» 

• «> 

8 b 4 

0 4 4 

87* 

1 u « 

09* 

V04 

9 I 4 
9 i* 
934 


J 

SO 1 7 1 

99» 

j 

0017 1 

V b * 

J 

GO 1 77 

94* 


■ 00 1 72 

9 7* 


SOI73 

9»» 


00 173 

99 4 

1 

__ 00179 

1004 


C 0 1 7 9 

1014 

■1 : 

30 1 7 b 

1074 

\ 

8 0)74 

1034 


ODI 74 

10 9 4 

t 

0020 l 

IDS 4 

J 

00 20 7 

104 4 


00203 

10 7 4 


0 0 209 „ 

1 Oo 4 

r * . 

3O20S 

1 C9 4 

1 

3 0 2 1 1 

1104 

i ' : * 

002 1 3 

11)4 

i 

302 1 9 

1 124 

t • 

302 1 5 

1134 

*■ • 

002 1 4 

1194 

| 

532 1 7 

115* 

i 

■S — 3 0 2 2 1 .—., 

11 *» 

t ' 

00 2 22 

1174 

i 

0 0 2 2 3 

1 1 6 > 

t 

00224 

1194 

t 

3022?,— 

1 204 

5 

002 3 2 

12 14 


30233 

1224 

! 

00239 

123# 

\ 

0021 S. 

129 4 



.34 


HI 


FICIEnT 

8 V ■ ( R 0 ! E • • 2 • *T • • 2 • ) / I S • » 2 • 4 0 • • 2 • > 

PV»( 2 .. (S 4 Kd 1 E* 0 *Y) )/ (S»* 2 . 4 «.. 2 *l 

- VfRTIC-AL PUlARJtaT ION. REFLECTION COEFFICIENT 
IRV*DSQRT t I 1 .♦( Uv /2 . ) « it it .-OCOS I 2 .»G AHA I l I i >J -P V • t>S I N ( G AM A U I » M /( ! . 

i ♦ ( rv/ 2:. ) • < i .-ocos t ?. aGakah i ) 1 1 *pv*osini Gama 1 1 1 u > i 

iphase angle change for a vertical polarized wave 

.~rH 4 V* 0 AT 4 Nl { Tf ORl N< CaKa l ( I ) I " 01 / (RD 1 E 4 DSINIGAHA I C I J 1 *S> >*DATANH T* 
IlD S 1 H ( G A M A 1 1 1 I ) f 0 1 / I R D I E • U 5 | N ( G A M A I 11 1 I » S I ( 

P M A V » P H A V ♦ P J 

Parameters useo to calculate horizontal polaRiZaTtOn reflection co 

• Err 1 c I ENT . . . . . _ 

Uh*i •/($*• 2. *6 • *-2 • ) 

P-H « ( 2 . «S ) A ( 5 ». 2. 40 * •?. ) 

Horizontal reflect jon coefficient 

- «H»Ti 5CRT 1 ‘ l , ♦ I 0w/?4 I 4 ( I .-OCOST 2.4GAHA 1 { 1 ) J J -PH»DS!N(GAMa 1 i 1 > M/{ l» 
1*1 RH/ 2 . i 4 ( | , -OCo S 1 7 • • G AH A 1<1 I 1 1 4PH*05 I N ( 6 AM A 1 ( I | IV) 

PnisE angle change for a horizontal Polarized have 

PhAm»QA T AN t -« / ( f)S 1 N ! G AM A 1 II ) >-S ) ) -0 AT All 1 <1/ I OS J H ( G . KA I 1 I J i »SJ > 
PHAW 4 RMAH 4 P I . , 

CIRCULAR KLFLECtIOn COEFFICIENT ' " T. * .*•' • 

R C “ 0 AH S 1 I RV*Rh 1 / 2 . ) 

Phase angle change for a circular polarized Wave 

PH AC « < PH A V • f>H AH I / 2 . _ __ 

SCATTERING REFLECTION COEFFICIENT 

SCAT*OSOHT(oLxP(-((l 9 .«Pl)/ 4 AvE| 4 H»OS[.NlGAMAl(Il>)*»Zj> 
multipath field strength 

Firt D*!.«tDlV4DABSlRCJ«SCAT 1 • • 2»2 . • I 0 I V *0 ABS ( RC ) *SC AT 1 • I DCOS 1 U (2. 

I «P I I /* A V £ 1 »P AD 1 F t *PH A C 1 I 
NAHFL I S TZPatHa/f I El D 
write ( 4 * Path 6 ) 

-MULTIPATH FACTOR .£J 

HELP I 1 I - 20 • • t?L o G 1 0 1 0 A U S ( Ft el o » > 

, G AM A I 1 I 1 MGAM A 1 I I I » ( 1 . / X 1 

Rpp Mi* St’lGL i kelp ( j i i 

GRA; E( I 1 -SHsLl G aMA ii J 1 I 

WRITE ( 0 1 H HP ( 1 ) ■ gR A 7 E ( 1 ) 

I F f 1 . E Q . K 1 Go TO 34 
I •! 4 I 

. J«j* 1 

02 . 32 -INC 

Gam 4 H I 1 PDATAfll H /D 2 ) •BTHET 
If I t • L E » K i Go TO 2 1 

CONTI HUE .. 

NahEL 1 ST/MATH I /rElK.GAHA I 
,*BI T E I A. PATH IT 

Name 1 . 1 ST/PA 7 M 2 /RMP, graze 

. *R ! TE 14 .PATH 2 ) ; 

ENOFILES 

GO TO 30 4 

CONTINUE 

End — 


tND Of cOmP ilAT 1 ON J 


NO OIAgNOSTicS* 


FIGURE 20 CONTINUED 


I 


ei-a 

800 -£ 0 Z 0 a-M(j- 2 -l 


■I, f V. J. . . . ..I. . . . . I . . . . . . J , 

1 .2-DN-B07 03-003 
B-l 4 



CCNT. GN PO 2 : ORBr’Ll 

v: .• ■■ ■ w. l ;/l ; - eg_j__de 


FIGURE .21 FLOWCHART FOR ORBITER MULTIPATH AS A 

FUNCTION OF GRAZING ANGLE 'OR FREQUENCY 



















1 


D=A* C T HET t -f-STHET ! 

B THE 1 - 0 A T AM ( Z l / 0 2 ) 


C GRAZING ANGLE 




CONTINUE 


ARCO I STANCE BETWEEN TORS A NO REFLECTION POINT OFF THE SURFACE OF 
THE ORBITER 


01 = 0-02 


C . COMPLEMENT OF GRAZING ANGLE 


PH 1 = IP I /2 . ) -GAMA III! 
BIHET L = P 1/2. +PH I - 


TWO DISTANCE COMPONENTS OF INOIRICT SIGNAL 


RANG2=030RT (A*.*2 + (fl+Z L 1**2- ( C2 , *A ) * C-ATZ L ) *QCGS C02/A) ) ) 
R ANGU030R T I A**2+ C R+ Z2 i * *2 - U 2 . * A ) * t A+ Z2 T *OCOS CD t / A ) 1 ) 


' • PATH DIFFERENCE FROM DIRECT AND INDIRECT SIGNAL 


AN C GAM AT IT i ) , .. . 


■ • ’ ACQS t tA**2+(R+ZL 1 **2-RANG2*.*.21/.(2,*fi*tA + ZL ! ) 1 


OIS=OSQH.T ( CR<03 IN (GAMAl (13) ) / I I A*OS IN CGflM.A L LI) ) +(2L*RANG2 ) 1 * C L . + (Z 
1/fil 1 <0S IN (S ICK1 ) 3 , 


0 1 V=OSQRT (0 IS) 


C WAVELENGTH OF TRANSM ITTED S IGNAL FROM THE TORS TO THE ORB H ER 


H A V E -- 3 . 0 0 8 / FREQ 


£• FUNCTION 0^ DIELECTRIC CONSTANT USED FOR COMMUTING REFLECTION COEF 


C G- ■ 3 


CONTINUED 


























1.2-DN-B0703-008 
B— 1 6 



FIGURE 21 CONTINUED • 




















1 .2-DN-BQ7Q3-003 
B-l 7 


RC.-.-ORUn ( (RV + RHl /2. ) 


phase: angle change fob a CIRCULAR POLRB [ZED WAVE 


. y 

fpHRC» CPHAv+PHAH \/2 


SCATTERING REFLECTION COEFFICIENT 


SCAT-^OSORT CDEXP ( - U (U . VP r ) /WAVE ) *H*US IN CCAHR L CM I ) **2 ) ) 


















ORSMU 



• • . ' FIGURE 21 CONTINUED 

. _ ■ Ti'T ' I l ' ' ■■>. .. 







6 for 

UnIvxC LI'Jd t*)*T«AN V t*CC II LEVEL Zr y A « ( EXEC8 LEVEL E|20|00|0A) 

TwjS CuhPilaTION **s. 0»NC ON l* JUL 77 A* * 

main pm qgn ah . 

STJHaOE UStOt COOE « ! ) 00 4 4*.0 i 0 AT A | 0 ) ’00 10 I 7 l“8L ANK COMMON ( Z > - OC?V?' , »A 


19 JUL 77 


19JSJ:10«IA7 


E/. t ERNaL RLFEXENCES litLOCIC, NahE» 


00J3 

*.90(3* 


00 j A 

U t U2S 


■Cjj& 

DACUS 


13.3 ..6 

D5VRT 

. . - ...... ^-.-,—.-.....3 

i j'l ' 7 

SHf 


otic 

Dt-05 


■j 3 l i 

Oils 


>J1 2 

OiS,!;. 

.. .... ,E - .... . - ‘ 

V l 3 

j A T A V 

• 

0 0 11 

0£ AP 


0:0 IS 

0L0G10 


u 3 1 6 

;l i >« c % 

- _ ..... - .... . . .. - . ...' :... . .... 

03 1 7 

N .1 p U 1 


(,223 

'WtM 


<J32| 

.s s r o p » 



;I GKaGJE 

ASSIGNMENT 

l OLOCtf • T Y f*E , RELATIVE LOCATION, NAME* 



0001 


OJOI02 

2 1 L - 

OOmI 

... 

0 qO 3 76 

23). 

- 000 1 


000 1 00 

2 ML — 

- nooo 


00267 1 

2A F 

- OnOl 

- ■ 

000000 

3(1, — 

0 7 3 


QO I AS 6 

tit 

00 01 


oo 1 630 

H U Q 

0001 


001 | 3S 

60L 

000 1 


00 1 2fi2 

g2l 

0001 


001152 

6 9 L 

3 3.1 


0-3 1 is 9 

6Sl 

00 3 1 


001130 

A 6 L 

OOUf] 


002673 

67P 

0130! 


001391 

70l 

OUO 1 


001396 

72L 

.3^ ) 


0 0 1 3 A 3 

7 5 L 

013 3 l 


0 J 1366 

7 6L 

■3 0 U 1 


00 1 «, 1 3 

7 7 L 

000 1 


a jou 3 i 

0OL 

00 00 

D 

0025 1 U 

A 

J..J 

0 

V ill.lt 

*FL 

0030 

n 

0 0 2 o 3 3 

BETA 

00130 

0 

00 2 6 3 2 

flFLG 

OOOQ 

D 

0 0 2o ? 2 

U H 

- 0000 

0 

002 602 

9THET 

o 3iu 

0 

002A00 

ft I H c. t V 

0000 

D 

0 0 2 5 2 0 

uv 

003U 

D 

002639 

Cf LG 

0000 

a 

0029 7 9 

CO,) 

0000 

D 

0C2619 

0 

5 j J*i 

0 

0 3 2 636 

OF LG 

0000 

0 

0026S6- 

0 I A 

0000 

D 

0026 9 ‘1 

OlFF 

0000 

0 

00/659 

o 1 FF.I 

0000 

0 

002572 

0 1 v 

00 70 

y 

■30 2 5 1 2 

0 1/1 

0030 

0 

0 0 2SI'* 

U l V 2 

CO 32 

D 

001339 

OP 

0000 

D 

0 0 2 S M 6 

U 1 

0 0 00 

a 

0 u 7 5 5 9 

02 

.OjO 

0 

o jicsn 

ULV 

0030 

0 

0 0 2 6 2 

I'FLG — 

0000 

D 

Cl 13 2 H 7 0 

FlELo 

OOUO 

b 

0 0 2 5 0 0 

FHeU 

0002 

0 

000 OUO 

OAP.A 1 

0 0 J'J 

0 

0321a/ 

6 •* x 2 C 

O'-OO 

.u 

Q U 2 9 S 6. 

H 

oooc 

D 

002oSU 

HPb.-i . 

0000 

l 

002665 

1 

oooo 

i 

C 0 2 6 7 0 

l UL1 A 

oO.O 

0: 

*3 3 2 ‘1 6 2 

INC 

CC0C1 

*t) 

f) !3 2 u 6 3 

I NO 

OOuG 

I 

0 30000 

1 M T 

■ COOO 

1 

002666 

J 

GDOO 

0 

0(32560 

A 

o0y.0 

I 

>1. 7256:9 

L ' ; : 

00 32 

u 

032670 

LOP 

0002 

D 

002 1 1 2 

L5P 

0000 

l ■ 

00266? 

H 

0000 

ri 

000055 

PLSP 

00 . 0 

* 

0 ju 3 A 5 

slop 

QOuO 

0 

0 0 2 5 :> 0 

P 

OOUO 

0 

00 2 S 6 2 

P A 13 3 F 

OCGO 


0027(37 

PATH2 

0000 


00 2 7 0 2 

paths 

<,3^.7 


0 3 2 * 7 J 

PiTlS 

Qoyc 

0 

00 25 7 6 

PH 

OOUU 

0 

0 0 2 S 3 *1 

P H AC 

uooo 

0 

002536 

PHah 

Oooo 

0 

002532 

PH AV 

00 .3 

0 

032/52 

P ft! 

oooo 

0 

0 Q 2 9 7 2 

PI 

0000 

u 

OODOO 1 

PI ■ 

OOOQ 

D 

002529 

PV 

0000 

0 

0C2620 

i 

00.0 

3 

JC2S50 

9 AMO 

COOO 

0 

0 0 259 2 

KAmgI 

OQOC 

U 

002S99 

KANG2 

000(3 

D 

002506 

RC • 

oooo 

0 

002976 

RDlE 

*J Y -» <» 

3 

002530 

« i< 

0000 

I) 

GO 2S 2 6 

MV 

ooou 

D 

00251 4 

5 . 

0000 

D 

002566 

SCAT • - 

Oooo 

0 

.002652 

5<(P — 

u 3.>*J 

u 

0 32a 6 2 

Sni> \ 

00 0 2 

0 

000556 

SP 

0000 

D 

002609 

ST 

GOOD 

D 

002560 

SIHE-T 

oooo 

0 

0025 7 0 

1A01 

OC. 3 

0 

0 0206 A 

T*u2 

O00I3 

0 

0 0 2 S 6 6 

T AO 3 

0000 

D 

002SS6 

TH.ET1 

0000 

0 

002606 

T 1 

COOO 

D 

00261 0 

u 

00ij!3 

0 

00/616 

■> a v £/ r 

0000 

u 

0026 1 2 

X 

COOO 

0 

000633 

ALOP 

0000 

b 

002676 

X 2 

ouoo 

D 

002656 

X3 

tj.lij 

u 

.T725 7 9 

Y 

OOOQ 

0 

0Q19I l 

YLMP 

- 0000 

D 

002H69 

y i 

■ 0000 

0 

00262** 

Z — 

— oooo 

0 

002502 

Zl — 


Cg tc t 
GulCO 


t • 

2 * 


COMMON &AMA 11)831 
COMMON SP ( l U3 ) ■ Of ( l 87 ) 


FIGURE 22 EARTH MULTIPATH IMPACT ON SUM AND DIFFERENCE 

CHANNEL AS A FUNCTION OF GRAZING ANGLE OR FREQUENCY 


1 . 2 -DN-B 0703 -Q 08 

R -19 


nrif'f'rt f.i'rc'rrri'riT’r'uf i t n pnrr rrr f r t » c r i nr c*r nor r *» nr me c nor 


ji 3^ 

> I 3 a. 

13* 

: i o; 
.1 ij 
31 iv 
*:J v* 
M 1 j 

-I VH 
7 > : 
.VIA 
. 11 / 
12 V 
31 2 i 

22 
; > 4 ; 
1 i l .i 

, : 21 

, *24 

; * 2i 

v 1 / ? 

- V >2 
3 1 It 
,IU 
*1 >»2 
. 1 i 4 

-ii'j 

- 1 - l 

- 1 . 

. : - 1 2 

* * * 

T ! J 

. ~ ^ 

" i ■*••»• 


31 ’*;^ 

U : VV 3 . 

*;; >1 

, . 3 :2 

-.5 3 4 
V? i 4 
~ ».*. 
* * V i 
,*■ V a 
; ... *»>. 
y * ;* > 
3. 'l '4 ■» 

3 * ;i i* 
-i >/ 
31 6.3 

w-St, 

•t>3 « 6 1 • 

C ^ » *3 2 
CwTaJ 


V 

• ft 

7 

a 

9 

i» 

U 
1 J 
1 1 
1 S 
I » 
t> 
l d 

1 9 
23 

* I 

2 2 
l - i 
2 * 

2 J 
’>> 
U 
l d 
2» 
iC 

3 l 
12 
33 
l" 

• 35 
14 
1? 
id 
J9 
1:'J 

t 1 
-4 2 
*, J 

■.1 
■*S 
•* 4 
1 2 
•4" 
■4 9 
>C 

4 1 
hi 
S3 

41 
44 
So 

42 
Vi 
sv 

4 0 


30 

24 


0 / 


4 *J 


21 


COMMON LSI* I | A) ) , LoP t 1 03 I 
DIMENSION PT | 2 2 J 

0 IREnS Iun ML5P l 1 3j> ,'iLOPC I II Jl 

0 1 i£riS 1 on almPi i<*3i .tlhpuujj 
d liens ion c«a 2£< ijoi 

it£AL MLUP.HUSP . 

0<W8l.E PMF.CIilON ht*,INC«»l - 

DOS 3lE PRC CIS! J>» 3Ca f ,F 1 ELO ,P I .Com .RIFIE ,F«CQ»Z 1 ,Z2,RC,A,om .Dlv2 

OOUSuE PRECIS ion 3 ,HV ,UH .Ptf ,HV iHM ,PHAV .F'ttAC .PllAH 

d idle precision kung.han&i .rangz.ih .p,pm[ .oz.gamai .theti. 

UO-iTlC PRECISION jfllEt >PAi)IE.TaU 2 ».T AV3 , 1 Au I ,0 1 V . I »PM 1 0 T Hi I I (BTHE 1 « 
DJJRcE PRECISION St , T I ,U , * ,0 .•lAVt ,9 

00-j jl£ Precision aflg.2,A2,u£taibflg,cflg,dfig,eflg,ffi.g 
DNJIlE PRECISION rT ,0 IFp ,op ,0 I A ,rlPB» »SmP * sp 

D ljl k £ PRECISION 5 1 IF 1 • A 3 , 1 NO .Slip | ...... - . . . 

0)Ui.I PR C C 1 S I 0 ** aLMP . YlHR , LSI* .LOP 
CO iJoCi IV I TT OF T|P£ OF EARTH SURFACE 

II r i. AT I v E DIELECTRIC CONSTANT OF T * RE OF EaRTH SURFACE 
A <CO|STA*,CE INCREMENT ' 

F *<£ 7UENCV ijf T h A N 3 H 1 T f E 0 SIGNAC FROh TD« s TO 0 fl 0 l T E R 
READ IS, 2 4 .Efl'jRHl I CON, HD I E , INC.FRE8 
FORMAT 11014.7) 

HALF -Rumen REAHAIdTh — - 

3 I A- M L t LR OF A'ITCN.a 
a ICO is r Alice L I Ml f AT t-On 
RuAOlS ,6/1 Rpo.1 , 0 i A • A 
F IJRHa I I 30 1 6 ,9 ) 

L • 1 

GFFiet angle 
P I I L 1 •. 3-49045flS0“ | 

hojGrnlss factor -• • • - 

H 1 2 « 

C J .1 I'l.lC 

DISfA-NCt F'Ruii EAHTh'5 SURFACE TO 0R3ITER 

2 I ■ 1 . 3 V 9 / 7 6 1 IF S 

DISTANCE FROri EaRTH»S SURFACE 10 TORS 
/ '2 • } . S / d S3 / 

1*1 

J « I - ...... 

cCSSlL Function constant 
r * 1 . 

p ( • 3 . I R I S' '9 2 6 S 3 5 fl 9 7 V 3 2 J 6 

Or.'alcC Tu RAO 1 AN CONVERSION . - 

A * P I / 1 fl 0 . . 

RA J | US CV THE EaR-T‘1 
A ■* • R 1 <1 7 J 3 3 3 3 J 1 4 7 

A.ioLL »L IAuEi. LINE FRON ORiHTER a no normal tO EaHTh.S 7 ANgErT Rf L » 
ri/E fo TKF. CENTt-R OF The earth 
T ■< -. T l * li A C 0 j I A / t 2 2 * A ) 1 

A N SLL ULTRLCN LINE FROH TqHS AN(j NORMAL To EAHtil’S T AnGeNT REl AT I V 

t in tnc o.nrrR of the earth 

s rnET«0ACuS ( A/ iZ I »A IF . 

T l * T2lE T 1 * I I .2*1 
sr*siHtt«n ,/Ai 

MAAIrtUfi angle theta at grazing 

n T ML I • 1 !«sr 
L0.» T I NuE 
D T HE I I •(> f ME T 



figure 22 CONTINUED 


oz-a 

coo-zo^oa"Na-z*l 


V ? 

) ’ 


. 


• ' . 

00 1 A** 

At* 

ujm 

6 2 • 


AJ» 

C j \ b * 

6 R • 

C G l 6 7 

AS* 

L 3 I A 7 

A 6* 

DC*. A 7 

*!• 

u j 1 T J 
0 J » 7u 

iM 

AV * 

CO 170 

70* 

l:im 

7 1 • 

G . j /l 

;z* 

L . 1 7 2 

73* 

u *: i n 

7*»« 

t . ! 7 j 

7o» 


7S- 

L.j ? I 

/ / • 

« : i 7^ 

7 -» • 

« H I ? 3 

??• 

•- . I 

d 3 • 

: t i -• s 

9 1 • 

G , . 'A 

-32 • 

- , ; / •> 

3 J • 



L ^ ; 7 ; 



;?» A-'* 


HZ* 

. / 1 

* 1 * 

V „ i " r 1 

3 <• 

g : i •» 

7 3» 

G .2 . . 

** i • 

- ‘ 1 - 


- - 2 ; i 

9J« 

- . * > • 

• 

.... 2 

Vi» 

- ; : 3 

9a* 


1 7 • 


7 1 • 


V / • 

** A 3 

IGJ* 

V:. . 1 i 

ICt • 

- / J j 

13 2* 

:1 - / i* 

IS 3 * 

- -V 1 

IS** 

C _ 2 T 7 ■ 

1 3S • 

2,i ; 

ir a • 

L - 2 l 7 

I G 7 • 

--/J. - 

1 Ea* 


l 7’ • 

G./Z. 

1 1 }• 

— Z2- 

1 1 1 * 

L . 4 2 . 

112* 

c ji 2 2 

113* 

-.722 

1 l 7* 

L - 2 2 2 

1 1 S* 

L . 7 2 J 

1 I A* 

GG223 

S I 7* 

GC22R 

x i a • 


Zk cO'kT?NJe 

TOTAL ARC DISTANCE BETWEEN Tl)HS A Nl> ORB|Ter * 

0* <P ( • A •BTifET ) / I <tQ, -- 

p-t Zi/Oiynrij . 1 1 • < usftRTi a» rz I +Z 2 1 * io/ 2 » »*«z. » » 

PH 1 •0»CO‘) ( l 2 • * A * I Z l - Z 2 I • 0 ) / P • • 3 I 

arc distance between the reflection point on The Surface of the 

- EAttTrt ANO THE OnBUER i * — — 

0 2»0/2.»F.OC0St (PHI -»PI ) /3. ) 

A N C 0 1ST A^'ICE BETAEEM TORS and REFLECTION p 0 l •< T oFF THE SURFACE OF 
TI*l EARTH 

0 I *0-02 i * — 

7*0 o I st auCe coh p oiie(|T5 of indirect Signal 

RANG 1-0SjRT(a..?* ( A»Z2I .»2- ( I2.»a ) • t A*Z2> *DcOSID l / a! I) " ' 

RA-i52*ujul!TlA**2»IA‘Zt)» , 2-tt2* , Al«IA»Zl)*DcOS(OZ/A>l) 

0 lit A ‘I CL' travclco UY direct SIGNAL ••■-■■■■■■■■• 

KA .Cl -A OU')H T ( l Zl I ••Z.» (Z2/A I •A2.-2.»IZl / A I ‘Izz/A I AZ,*! I ,*|Z|/A I* 

I ( 22/ A I ♦ l Zl /A ) * I ZZ/A I ) . t i .-4)C0b ( D/A I ) » 

PATH DIIFeHENCE from direct AND INDIRECT SILNal ~ ; 

PAJ I ft* I. (, I .rang 2-N an G 

»‘igL£ iivi ictn reflected -signal path aNd line fron eahth*s center 

TO ThE CR.TITLR 

T *0 1 »D aS 1 o i ( a OS I N ( 02/A | > /H ANG2 ) ■ 

ANGEL HlMi.LT AI-...AL PATH OF INDIRECT signal FRO*' THC T&RS and LIn- 
L rTgT The CENTER of THE EARTH TO THE TORS 

T A ■! 3 ■(! A S I N H A • tl j7 N l 0 1 / A I ) / H ANG i I • 

COhRlEnent OF GR.tZIN'i Angle 
T A J 2*0 A COS l 1 (A./Z)«0COi( I AO 3 I - KAIIC, I • / A I 
IV I T A U 2 -P | / 2 . ) Z 3 * 2 J , 2 2 
22 A TH K T • :iT n ET - i • 

IF ( T A-JZ-P I /2« >23 •Z3,2N 
2a co it 

G P a Z I NG annLi; ' 

GA-- I I I I • I* t / 2 • " T * U 2 

o i vE<Gcnce factor 

Ij I V I «A. IN TNG I AN 52 ••DSOHT I OS 1 Ml T A02I ADC os ( T AU2 I I 

D 1/2*0 >G.t f l ( ( A*z2 I »rtANG 1 »OCOS I T AU3 I ♦ I AZ21 I »R ANGZADCOSITaUI ) » • I A«Z 1 
1 I • ( A » Z2 . . J) s I -I t G I H E T • X I > 

0 I * 1 / 1 /t) 1 V 2 . • 

a.M (Gill uy TRANSMITTED SIGNAL FH OH THE Tr)RS TO THE OrBiTER. 

AA*E«3.0n‘1/FHf0 

JUNCTION OF ui'LlLCTRIC CONSTANT USED FOR COMPUTING REFLECTION COEF 
FIC1EM ■ 

Y«T . ROO l 0« ( CON/FRCU » 

PAHAIE TLK USED TO CALCULATE REFLECTION COEFFICIENT 

S*OSSR t ( lOSTKTl IRO 1 1-1 1 . /2 . ) • I I • *OCoS ( 2 . • G AM A I (I > » J !*F2.*r»*Z, I* IR 
I 0 I L * ( T • / 2 • I • 1 I • ♦ 0 C U S < 2 » • G A ri A 1 I I t J I I I / 2 / I 
FUNCTION TF oICLECIKIC CONSTANT and FRENUENCT for COMPUTING Reflec 
TIUN COtFrlCIE.IT 
G 3 f / I 2 . • S J 

PAHAHETLRS USED T 0 CALCULATE VERTICAL POL AR I 2 AX I ON REFLECTION C OEF 

■ r i c i c. ■* r 

liF - (rt0iE*«2.*Y»*2.l/(SA*2.*0« # 2»> 

P / •( 2**kS»H0iE*rj«T I )/lS«*2.tV**2.k 

vertical polarization reflection coefficient 

R /•GS-'RT I ( t . ♦ I h /Z2. I • I l .-OCOS ( 2. 'GAMA I I l I J ) -PV*Oi I N ( GAMA I I I I I F/5 I . 

J ♦ il>V/2 . | » (1 «-nCOP I 2 . *G AHA 1 ( I I i > ♦ P v • 0 S 1 N t gAHA l t I I 1 I I 
PHASE ANGLE CH'.igL for a vertical polarized Nave 

PHAV»DaTANC I Y • US I »( { G AM A 1 ( ; 1 I •>}) / I RD I 2* DS I tl < G A rt a I ll»J-S»l-0 ATARI t Y • 


o.% 


If 

C ?*• 


FIGURE 22 CONTINUED 


T. 2 -DN-B 0703-003 


03229 

U ; 2 2 1 
0 32 2* 
0322 = 
Oj 22» 
2 2 = 
C2227 
0022/ 
0.^2 2/ 
002 JJ 
0 u2 3 0 
002 3 1 

0 J 2 } 1 
00232 
002 32 
002 3 3 
CO 2 3 J 
0 323 9 
CS2 3 9 
00231 
0£ 2 3 S 
0_'2>i 
C-C2J* 
Ou 2 3 7 
0^2 lo 


L'„ _ 

0 C 7 4 i» 
(»S7»* 
0 j 2 6 7 
002/0 
C0I2 / 1 
0^2/2 
C.i'J 
Q 3 2 71 
C v 2?!> 

(Jm2U 

c r? / / 

0 3 ~ J 
QUiO 
es3oi 
0 J39 I 
0C332 
00332 


tl? 
I 20 
i 71 
122 
123 
121 
123 
12A 
127 
l 29 
t 29 
133 
1 3 I 
1 32 
l 33 
111 
I3S 
I 34 
137 
13 3 
1 39 
I *0 

u; 

I 92 
1 93 


IS* 
I 6 3 
Ul 
162 
l»J 
169 
l»> 

16 o 
U7 
I 4 9 

u* 

I 7 J 

17 l 

172 

173 
179 
I 70 

174 


IDS I NIC AM All I I I ♦g*/IR01E»0S! NlOAMAI < I I l «SI )«P{ 

C PARAMETERS USCU To CALCULATE HORIZONTAL POLARIZATION REFLECTION CO 

C EFF I C I COT . . .. . ...... 

t) H * I ./(S*.2.*Q«*Z.l 
•’96 I 2 • *s 1/ t S •*2.*3»»2» I 
C HORIZONTAL RtFi-ECriON COEFFICIENT 

K>|6053RTIfl.*(dH/2.J*<l.-uCU3(2.*GAMAl(l)||-PH.3SlN(GAMAl<l))l/ll» 

| ♦UM/2 . ) . | l . .0C<15 | 2 . .GAMA1 ( 1 ) I I iphaOS INI Gama I I | T J I I 
C PHASE ANGLE change FOR a horizontal ROLANlZEO nave 

PH AM* OAT AN I -J/IOS INIGAHa ! I 1 ) ) -S I I -(> A T a N I R 7 l D S I N I GAmAI I I I MSI I *P | 

C CIRCOLAH RCFLECTlON COEFFICIENT .. .. - — . . . 

KC.0A8SI (H/*HH)/2.I 

C PHASE angle CHANGE FOR A CIRCULAR PoLaHUEO *AVE 

PHAC* I Pri A V*PhAM I '2 • 

C SCATTERING REFLECTION COEFFICIENT - — ... 

SCAT.0 3WHT lOEAH I 7 ( ( t 9 . *P U / A A VE 1 •n*OS|n( gaHAI 1 1 I 
C POLtlPA III FTELO STRENGTH UNUIKECT FIELD! 

FILL 0*1 I HAHG7 | RANG l *«AN g 2 I 1*0IV*uADSIRCI»SCaT|*.2.*2.»I (RANg/IRaNG 
| 1 *RAnG2 ) ) • 0 I V *0 A OS <NC 1 *SCAT I « IOCOSI 111 2.»P| I /«A VK > »PAO I F 1 *PHACI » 

C HEiSEL 1 UNCTION All GUN ENT 

22* I ( P I *D ( A IVA AVF-I *DS I N 1 G aH A 1 I l l-PT I L) I 
C CESSEL TUNCiT’ION: SUBPROGRAM , 

.... T l » 9 0 * 

2 -0.0 

T I ■ T i * 2 


C G 2 9 l 

1 S M • 


1 N ?• i "**2 >V2 # . 



00292 

1 9S 6 


be ta.2.o • i h r* »i 

. -- 


UJZHJ 

1 ^ • * 


TBET A* BE I A ♦ • OO 1 



C 3 2 9 9 

19/6 


AFLG-0.0 



C 3 2 9 S 

198* 


B F L 6 ■ 0 • 0 .. 


” 

032 9* 

1 4 9 • 


CFLu-0.13 . — - .... 



— — 

0*5 2 * / 

1 SO* 


0 FLG *9.0 



cz is j 

IS 1 • 


CFcG* 1.0 



C325 I 

1 5 2' • 


2*1.0 



U0 2S2 

IS3* 


r FLG-DC05 HI BET A*2. >•11*1/2.3 1 


* — 

00253 

1 S9 • 


CON r t Nul. 



0 3 2 S 9 

1 S5* 


JFI IUEIA-niaq 61 ,60 



Cu 2 S l 

1 S 6 • 

A i 

Cr L G *E FL G 



03243 

1ST* 

60 

CONI INUL -. . ... 





C J2 V * 

i s a • 


IFI UETA.EO.oiGO TO 4 2 




1 *' ( ar'L'i * L T> AOOOOOC) I I GO TO 61 
HFlG.J.O- 

AfLG.AI lg*cfl« 

G 0 T 0 A S 

49 BFLG-O.Q . 

4S CO 9 I I NOE 

2 * I I 2 • ■ I b £ T A 1 • T E F LG* I ( -1 • » •DFLG.** 1/12.6 I oEt*» I l/*2- 

oflg*eflg 

E FcG ■ 2 

1 9 E T A * I BETA- I 
GO JO »6 

*2 2 ■ ( 2 . • AFLiJ I *EFLG 
Al‘LG.CFLG/2 

0 I 9 EC T Signal ntLo IsUm PATTERN) 

SHP* (2. .ftAVC «AF lG )/(P l 601 a«OS INIGAHA I I I l-PT (L I ( J- 
bessll function Argument 

2 3 ■ ( I P I *0 I A ) /1'IAVt ) 90S 1N( -GAIIAl < I l-PT I LIT 
0ES5EL function SUBPROGRAM 



33 — ' 
■ I • 

'r\3 

po 


FIGURE 22 CONTINUED 


•eoo-eozoa-Nd-z 


0 L 303 
UC 309 
C 0 3 0 '* 
00334 
00307 
C> 03|0 
0031 

0 G 3 J 7 

0031 3 
OCJH 
00 lip 
003 1 4 
003 17 
00 3 20 
. 003,2 3 . 
0 c 22 't 
O', 32 ;, 

0 0 3 2 P • 
0 C. 13 u 
00312 
0 CJ 3 S 
003 3=3 
00334 .. 
0 v 3 J 0 
0 C 3 j / 
00380 
0039 1 
003 i 2 
CC 3 b 3 


I 7 7 
l I 9 # 
ill* 
1 ciO* 
1 8 I • 
S 82 » 
l» 3 » 

I b9 • 

i e 5 • 
l 86 » 
187# 
i 8 6 • 

1 6 »* 
190 * 
19 L» 
1 v 2 • 

19 3* 

I » 

Hi* 

1 9.4# 

i v r» 

1 94 # 
19»» 
203* 
201 • 

2 0 2 * 

20 3* 
23 t* 
IZf 


0 j 3 9 9 

27 . • 


0 3 3 b a 

. . 207 • 

. '' 

Oz J“S 

» 3 d • 

~ c 

0 019 u 

ir •• 


Or, If? 

2 |'U« 


GC 3 S 0 

2 11 # 

... 

C(iJS 3 

2 ) 2 * 

c 

■ 0-3351 

2 il» 


GO 33 1 

2 1 b • 

c 

003 i t 

21 S* 

— c 

00 3 0 2 

214 * 


0 j 3 S 2 

i 1 ! • 


0 3 J i 

2 !»• 

c 

0 o 3 5 3 

. 2 19 . 


0 3 J S 3 

2 20 # 


0 C 3 S b 

22 1 # 


O.jJSb 

2 2 2 • 

Cr 

00335 . 

2 2 1 • .. 


Li 3 2 5 ti 

22 S« 


C 33 5 7 

225 * 


0.340 

22 9 * 


00 34 ! 

22 J • 


00 3 a 2 

223 • 


0 23 4 3 

229 * 

■ ■'.* 

0 . 3 , 4 * 

230 * 


0234 S 

23 1 * 

. 

0 3 3 4 4 

2 3 2 * 


003*7 

2 33 * 


003 70 

2 39 # 



73 

71 

72 




77 


n»so. 

2 • 3 • 0 

r 3 • T 1 » 2 ...... 

1 •( f • 1 N»* J I /2. 

fc£TA«2.0»il3T*r> 

1 SC T : A *0£ T A ♦ • 00 l 

AfLS»O.U — — . 

tlfLG.CtO 

CfLG.O.Q 

oflg.o.o 

CfLirn 1 .0 L 

2 « i «a 

FFlG.OCOSI ( I BETA- 
continue 


2 • > • I P l 72 » I I 




CFlG.EILG 
CJ'UIMOE 

If I 10 ETa,,E2.0)G0 TO 77 

f M JUG G ,0000001 )G0 TO 75 

d f 0 G * 1 • 0 
aELG.AFLG#EFlG 
1,0 TO 7 4 

t3f oG»0*0 ~ — — — .. — ~ i — — ... — «. 

C'JnTi«"S: • 

i 2 :*., laefA1 •<E ;F LG*( l-J .>»DFU#x3>/(2.»lne T M ) >/Xj 

0 r 1 0 • E F 0 G 

IdCTA-lBETA-i ’ 

00 To /C 

1*12 ••AroG i#£FCG 

AFLG.CI LG/Z - ‘ - ... : . ~ - ■ .. ' __ 

1 .JirtCCT SIGNAL f 1 ELO FA T Teh N I 

^*^2 • •4A9E*AFi-G | / ip I #0 1 A#OS IlM-«ftHA I ( I ) .pT CL I I I 

A LHP ( 1 I ■(; A«T 5 | SMP » ( | NO *F I ELO M . — . 

SON PA 1 1 EH.N FIELD 

SP I I I •20 . «OLOG 1 0 l KtHP ( 1 » ) 

OfFFEPEncE^PATTEHN FUlKT ION 

UlFF-OSlSltPl ♦ HGAHAi“i S l->T 3 L > » /HPB* ,>T^TT-t)sTlVrp f*TT G*KA I 


/•f v 3 » ) I ‘ ' ' ™ • ■ ■ — „ - u-n„ |>|) “FT 1L M 

] 0.) I 8.E CT SIGNAL 

?1 ;n.DSj r p,. ( ( • 0 * H a l (| I-PT4U >/HPB*)#f»! |. D SIN<PI«< l-GAWA.lJJ.3-RT I- 

9 LHP I 1 l»0A,as(0iFF4(D!Ffl #FIEL0 ) ) 

0 IFFCHLKCE PaTTeHh FiCLo 
DPI I 1 «20 ..-DLoGI 0 I TEMP ! 1)1 
GA71 A J I 1 I •GAN A 1 ( 1 ) • 1 1 • 7X ) 

pr loi-pi tu . 1 1 ./*) 

L 3P ( 1 ) -SPt 1 ) 

L0P1 I )-0P( t ) 

HoSP t f I •SNGL'I l SP ( I I ) 
f-LOP| I ) 8 S N G L It L 0 P t II) 

GHaZEI 1 I -SNGL TO A N a I 5 J) ) 

PTIL1#H1LI.a .. ...... 

U»3 TmET l -K 

1 • 3 * I 
J»J#1 



773 — « • 
I • 

ro 

to 


FIGURE 22 CONTINUED 


ooo-eozoa-NU-z 


I 

] 


033T | 

Z3»* 

hthE r 

-bTHET -1 

uc 

0 j}7 2 

2 

1 7 1 B T 

H tT.GT,o 

IGO TO 21 

Ou-S /> * 

23/* 

nAhEC 

ist /*>4 r i 

S/PT — 


23 J * 

*4 1 Te 

f 6 t PA f 1 5 

) 

oovoo 

23 9* 

NANEL 

IsT/PATH 

3/gHaZE 

Q !» •> 0 1 

2 4'J* 

* 4 I T £ 

I A ,PA TH3 

) 


24 t • 

ha-iel 

ISI/EATH 

z/lsp.lbp — 

0 J »”j> 

242* 

*MU 

( 6 .r MU 2 

t . 

0 J 1 8 • 

2 *.J* 

GO 90 

i • 1 , , i a j 


vu *• 1 J 

244 • 

.•OiTC 

( i 1 HLbp ( 

1 1 ,GHAZE< 1 ) • N G D 1 

C. i . 

2 ij» 

VO c 0 ■*< T 1 

NOfc 

Vi. .». •_ % 

0 0 * 22 

244* 

t«Df i 

L£» • 


Gj922 

2*1 7 • 

c o^ese 

T lff.cKEH 

ENT 

G0423 

243* 

toil* 

l »*Pf (L ) 

*«gZ 222 , ' 22220*2 

00424 . 

24V* 

• --• - - C»L* i 

; . , i „ .... 


G .3 ‘• 2 5 

2 VJ« 

iflL. 

LT • j | Go 

TO Bo 

G'„ 4 2 7 

20 l • 

&3 TO 

jo: 


0043 3 

2 b 2 * 

41 COrtTi 

WOE 


034 ii 

23 J* 

E40 

’ - * - 

•• - - 


E* ( 0 O' 

Cr.nP IL* T ton* 

WO 

0 l A<iNOSt l CS • 


j 

FIGURE 22 


t . “ ’ ' ‘ * • * ‘ M 



CONTINUED 


1.2-DN-B0703-008 

B-24 


1.2-DN-B0703-008 

B-25 



cont. on p£> 2- . ; • orsso \ 

— :• EG. 1 .CK LQ 

FIGURE 23 FLOWCHART FOR ORBITER MULTIPATH IMPACT ON SUM AND 
• ' DIFFERENCE CHANNELS AS A FUNCTION OF GRAZING ANGLE 

OR FREQUENCY 
















C ARCO [STRNCE BETWEEN TORS RNO REFLECTION POINT OFF THE SURFACE OF 
C THE ORB I TER • 


01 = 0-02 


C COMPLEMENT QF GRAZING RNGLE 


CONT. ON P& 3 


ORBSO 


FIGURE 23 COffTINUED 

























1.2-DN-B0703-008 

B-27 



COST. ON P& U . ’ ORBSO 

CG....3 DEL— La 


FIGURE 23 CONTINUED 





















i 


I 


J 


t 


1 


1.2-DN-B0703-000 

B-28 . ’ • ... / 



CONI'. ON F& S'- ORBSO 

, ‘ ‘ . » - PG U OF’ 10 


+ ■’ FIGURE 23 CONTINUED t ‘ . - 

' ' • * V- -a 

. — „ -r- T- : _-.rr: — ■ I . . ;;; ■ — ■ ^ 






















1 . Z--D 1 1- BO 703=jQ 0 8 . . 
B-29 


T l -- U O . 

2 = 0.0 
run + 7 . 
r Nf-t M + K2 1 /2 . 

BETfl=2 . 0*. [NT + Y l 
IBE FFUBE1 fl+ , 00 1 
RFLC--0.0 
B F L G= 0 . 0 

‘ ^ 

CFL(Y=0.0 
0FLC---O. 0 
£FLG=t.O 
2 = 1.0 

FFLG=OCOSt CIBETfl-2. J *(PI/2. ) )’ 





I 


1 








1 

1 

1 * 
i , 

i 

* 

1 .2- DT1-B07 03-000 • 
B-30 

] 

1: 

rF~\ t>i 

5-m 

. 

| A ■ > • 

i 

GO TO 64 

1 


BFL.G-- 1 . 0 


fiFLG=AFLG+EFLG 


GO TO 65 > 


CONTINUE 


IBETR ) * CEFLG+ C C- L . 1 *0FLC-*X2 ) / (2. * ISETA : 
0FJ_C-=EFLG - 

EFLG--2 

I6ETA= ISETA- 1 ... 


GO TO 66 


iEm 


HFLC--CFLG/Z 


C DIRECT SIGNAL FIELD 


SMF= (2 . *NRVE*AFLG! / IF I *0 IFU03 IN I GAMA l (II -FT (L H I 


C BESSEL FUNCTION SUBPROGRAM' (SUM PATTERN I 

C BESSEL FUNCTION ARGUMENT 


X3= ( (P 1*0 I A 1 /WAVE ) *03 IN (-GAMA L (I ) -FT CL 1 ) 


C BESSEL FUNCTION LIMITATION 


T 1=60 . 

Z=0.0 

Yl^Vl+2 

INT=(M+X3)/2. 



FIGURE 23 CONTINUED 



























B E l R = 2 < 0 # I N T. + T l 
I BE! q-BElfl+.OOL 
RFLQ--:O.Q 
BF L0"0 . Q 


EFLG--0 ,0 
DFL.G=0 . 0 
EFLC-UO 
2= L . 0 

FFL.G-OCOSC C [SETG-2- )*tPf/2. 3 ) 


R7 E 


CONTINUE 


1 .2-DN-B0703-00S 
B-3T 










PN-B0703-008 


GO TO 7 


BFLG-t . 0 


fiFL.G-flF LC-+ F.F L.G 


GO TO 7B 


E 




BFL.G-0 . 0 


CONTINUE 


C (2- < IBE1R1 * CEFLC-+ C C - L . ) *0F:LC-*X3 1 / C2 . * [BETA I ) )/X3 
DFLG=F-FLG . • . 

EFLG---2 . • ■ • 

IBETA= IBETR- L 


GO TO 70 


Z — C 2 . *RFLC-) +EFLG 


SUP L= C2 . *WRVE*RFLG) /IP l <0 rfl*D3 TN C -GRMR LCD -FT CL) ) ) 
INO=SHP L 

XLMF C 1 1 =ORBSCSMP+ ( [NQ*F IEL D) ) 


C SUM PATTERN FIEL.0 


fi D_ ‘ . 

SP C D =20 . <QLQGl0 CXLMP ( I ) J 


C 0 IFFERENCE . 0 IRECT SIGNAL 


OIFF=OSIN(PI«C CGAMA l ( I ) -FT CL) l/HFBWl +p 1 1 -OSIN (PI* ( CGRMR LCD -FT CL J 
■/HPBWH 


C DIFFERENCE. (NO TRECT SIGNAL 



























1.2-DN-B0703-00; 


o iff i sosrNtpr* c c-grmrl c n -pi cl) j /hpbw) +pi i -ds in cp r* c c-grmhi cn-pr c 

L 1 ) / H P 6 W 1 ) 


[c 0 I PPCRENCE PATTERN c fEL0 


0 P C r ! = 2 0 . rOLOGLOCrLMPCn ] 

GfiMflKIUGflMfUCri^a./X) 

FHL) =pr CL 3 *(L./X) 

LSP(D=SPm 

Lopcn =opcd 

MLSPCD =SNGLCLSFCN ) 

NLO P ( I ) =SM GL ( LOP ( IS ) 

GRRZE ( I ) =SNGL CGAMR l IJI ) 


PT CL ) =PT CL ) 
r=ifL 

j=j- i 


c 

RRCD [STANCE 

INCREMENT 

c 

flRCO ISTRNCE 

INCREMENT 


02=02- INC 


GRMfl L t El -OfiTfiN CZ L/02.1-BTHET 


GO TO 21 


CONTINUE 




1 














1.2-DM-B0703-008 

B-34 







FIGURE 23 CONTINUED 
















/ 


l> f OH OMUGR ,OH«lGK 

UhIVAC UCA FONTNAN » E* e c 1| LEVEL 25A -(CXECB LEVEL E|20|0010A1 
rtiis C 0 Hg.lL Aj 1 0 ft BAS. -PORE Oft 2 2 JiiL 11 AT 1 1 IIJ I 2 I - - - ■ 

H* tH PH04HAH . 

5 J OH A&E USED J CO DC ( l 1 OOllJJt D A T A ( 0 ) 00277 3 \ - 0L ANK C0HH0NI2I 00j*)*»6 • 


exTEHNAL MEFEHENCCS (BLOCH, NAMEI 


OOUJ HHDiM 
0031 N li} 2 » 

. OOJS OACOS 
G3j 6 D A I A ft 
u 3 3 7 3Co5 
0010 ObgnT 
00 l I Of AH 
0012 lli IN 
00 I J OtAf 
GO Li OLU Ci 1 0 

00 IS ■ 

ODU :mu<j* 

0017 HAcF * 
u02O NS TOP* 




'*fO H»(,C ASSIGNMENT (BLOCK, TtpE, RELATIVE LOCATION, KA«El 

0001 000 1 t l 2 1 L OOrjD On* 454 2*F 00111 OOODOO 3nL 

00 J 1 300 727 60L ODOl OjO/?1 .A2L •- 000 | 000/51 ASL 

COJO 002*60 67 T 0301 001131 70l 0001 OOllHl 72L 

GUJl 001206 7 7 L 0001 000(127 UUL l)OU| 001521 BSL 

• 0300, 0 0 J:2 5.7 2 BETA 0300 0 002-171 UFL& 0000 0 0U2552 un 

' 0J-0-.0 032565 By .... Q-300 0 0,)2l74 CFLG OOUO 0 002366 COO . — 

! OOoU 0 0J2L00 OrLS * 0000 o OoZbiO D|a 0000 0 002506 OIFF. 

1/ OOJO 0 032*1 2 0 1 V 0002 0 000556 op OOuO D 002611 D1 

30 JO 0 l! J 2 5 D 5 FFi.G OOUO o 007576 FIELD 0000 0 002612 fHCO *- 

OOJO 0 Q J 2 ft 5 A m 0000 o O02bl2 lip II « OOuO l 002*52 | 

! OOUO 0 3 12622 (NO Q30U I 3,33000 IliT OOOO ( 0026SJ J 

J 0302 D 032112 LOP qD 02 u 0,11331 LSP OOuO I 002651 m 

, 0 3 j J M 033162 SLOP 0030 o 002621 MAOlF 0000 00266? PaTh2 

30 00 D 00 2b 3 6 PHAM _ . oOOO D 00 2 b J l PHA y • - • OOUO D 00261* Prl! 

i OOOO 0 032b b 1 py 030D q Oo2b62 0 0000 0 002550 R A N C | 

< OOuO 0 00255* 50IC 0000 o 002530 HH OOUO 0 00252* l(y 

; OOuO 0 00 2b* 6 5 1 C A 0330 0 002511 Sup OOOO D 002525 SnHl 

, . 0003 D 032620 Tntri 0030 p 0026*0 HAVE — - 0000 0 002632 *' 

uOUO 0 0 0 2 b 2 0 A3 3300 0 ofJ 2b72 y OOOO 0 00 IS! 7 YLMP 

' JCUO D 0 J2 *02 21 3300 0 002601 22 


Ooiol I • • , COMMON Sp i l B 3 1 . OP ( 1 H J I 

03)03 »• COMMON LbP( | B 3 I ,LDP I 1 6 J I 

OOlOS 3» • COMMON u A 11 A I ( 1 n J I 

0010b (jlMCNSlOM P f ( 25 1 

00|0* 5>» 0 l HENS i ON fILSP ( l Aj 1 ,NLOp ( j 93 1 


FIGURE 24 ORBITER MULTIPATH IMPACT 
AS A FUNCTION OF GRAZING 



22 JUL 77 lttl3l2|,A22 



1 


0001 001552 SOOO 

0001 0007 5 A AbL 

0001 001156 7bL 

0000 D 0 U 2 6 1 0 A 

0000 0 00262* UTHCT 

ODOO 0 002636 0 
0000 0 002b l 6 0 I FF 1 
0000 0 0U263S 02 

0002 0 002670 (* AMA 1 
0000 1. 002ftbb I b E T A 
OOOO 1 0U2650 * 

0000 H 000063 HLSP 
OOOO 0 0J2b70 PM 
OOOO D 0U26C0 PI 
OOOO D 0U2b S 2 RAH02 
OOOO D 002560 b 
0002 0 QOQOOO SP 
OOOO D U006S 1 ALNP - 
OOOO D 002655 T1 


OnOl 00 ! 1 7 1 <tl| 
0001 000722 frAL 

0001 001 1*U 7 ft L 

OOOU 0 002565 *>-LG 
OOOO 0 002630 BlHET! 
OOOO 002662 oCLP 
OOOO D 002SSS OIS 
OOOO 0 002502 £!U0 
OOOO H 002175 GRAZE 
OOOO 0 002550 INC 
OCGO 1 00265 1 L 
OOOO 0 0 2 6 7 S p.ULTj 
OOOO 0 0025 3 S PNAC 
OOOO 0 OOOuGt PT 
OOOO U 00260* fcC 
OOOO D 002571 SCAT 
OOOO 0 002622 slhET 
OOOO 0 002570 k 2 
OOOO V 002566 l 



•V O- 





ON SUM AND DIFFERENCE 
ANGLE OR FREQUENCY 


CHANNELS 


ss-a 

eoo-sozoa-iiu-r i 


'*?; -o 

■V-;. *>• 

o 

r, 

M r- 
K 03 


ooni 
oom 
act m 
oat 1 s 
ao 1 1 4 

QOt I 7 
OC I 2 0 
Q a t .2 1 
0 3 12 2 

G a 1 2 j 
00 I 2 R 
GGl 2b 
Col 23 
0 01. 2 b 
UO I 2b 
COlii 
00 | 25 
00 12* 
00 I .lb 
Ou l 3b 
0 0 1 3 5 
00135 
00152 
Co 1 53 
OlJi 5 3 
00 l ' 5 
00 t ib 
GO Mb 
0,0 1 * * 
GUI'* 
GO 1 5 7 

CO l “2 
00 I SO 

00 I s t 

00 I S2 
GG I S3 
aotsj 

OJlS* 
o u i s 5 
00 I Si 

oai ss 

00 I S 6 
GO! S • 

acts* 

GO | S 7 

00 1 S.7 

CO 157 

001 40 
GO I 60 
00160 
0 0 i 4 l 
caui 
GO 1 5 2 
00 1*3 
00 1 63 


DIMENSION *LHPl 1*31 .TI.MPI 1*31 
DIMENSION GRAZE! 153) E 

• REAL NlOP.MLSP - • -- - • 

UOoSot PHfCISlON ArLG,2,*2)0eTA, B FLS.Crl.G OfLG,tFLC,FEI.G 
OOUfJLt PRECISION PT ,D IFF ,01* ,0 I A ,hPB* .SMP »SP 
oOUiIlC PRECISION 0 1FFI ,X3, IND.SMpi 

DOUBLE PRECISION A LHP , 1 LHP , L 5P . LOP --- - — •- 

DOUBLE PRECISION rt5 (HNiPtlAV ,PHAC,PHAM 

double precision rang i .raho? 
uOOOlE precision o i s is i ck . INC 

DOOacE PRECISION ON ,PV , Hi) I E , S .0 ,8V ,CON ,pn , Y 

DOUBLE PRECISION SCAT ,7 UlU.PI <Zt ,Z2»RC,A,0|V 

DOUilLE PRECISION 0 1 , PH 1 , 6 All A I , T HE T 1 

DOUBLE PRECISION STHET .PADIF.tiThtT.aTHETl ,X,02 

D 0 o R L E PRECISION Dr’AAVE.FRt 0,1 i , it - • — — 

C CGnOoC 1 I V I If or TitE OR a 1 1 L R SF1N 

C RELATIVE 01 ELECTRIC CONSTANT OF THE ORDITeH SKjm 

C ARCOISTANCC INCREMENT 

C _ FHEOjEnCT OF Than'ShITTEd. SIGNAL FROM TdHS To OrBITER -- 

C DO LOOP OESlriATlOi, 

30 KEAO|S,24,CN0.5l)CON,KDlE,INC.FRE8iK 
2* FORMAT 15016.9,13! 

C HALF P0» £r -d E A hr l OT M . .. - - 

C 0 1 A 51. TtR OP ANTENNA 

KCaU I 5 ,* / | ,0l A 

67 FORMAT I 20 1 * .V 1 

L*l • • - -- -• - •• • - --- • ■ “ . ■ 

C OFFSET ANGLE 

PT ( L I * . a 2 24S53SD-2 

ao continue 

C . 0 1 b T a ** C L uETaELW ToRS AND ORBITER • •- 

,22*3.53560203407 ' 

C OlbTANCE OETrEEN ORBITER SKIN ANO KU-BANO AmTENNA 

2 I* I .0 

C HRS ROUGHNESS IN METERS-, - 7J— • ■ • 

« • c . a 

1*1 • 

J" 1 • 

C IIESSEL FUNCTION CONSTANT - 

H * 1 • * 

P 1*3.15 I S724S3SAV7V 

C OLGHLt to KADlAN conversion 

C RAO 1 US or THE ORkITER FUSELAGE 
a " 2 . V 9 2 I J0S0 5 328 1 6b 

C ANGLE aElAEEIf LINE FROM ANTENNA AND NORMAL T° ORBJyER’S TANGENT 

C RELATIVE TO OHUltERtS CENTER - • . -- 

STrET *0 A COS ( A/ I 2 1 ♦ A I ) 

C ANGLE oEITCCN LINE FROM ToRS ANo NORMAL To oRBTTEKtS TAn&ENT ReLAT 

C I V e TO THE O'Rkl I T-i. K • S CENTER 

TRET l *UACOS ! a2 (22»AI I * - 

c arc d i stance b c t a een the Reflection point oh the surface of the oRb 

C ITER A,\Oi THE AU-JAND ANTENNA 

02*A.STnCT 

C TOTAL ARlO l STANCE UETAEEN ANTENNA ANl5 TORS - 

0 • A • ( T H E T t ♦ S T H e T t 
IVTmE T *0A T AN I 1 1 20 2 | 

c GRAZING angle 


I 

FIGURE 24 CONTINUED 



9 £-a 

900-E0/.0a-N(j-^' L 


00 1 * A 

88itl 

*1* 


ill 


CO 1 AS 

6 7* 

C 

CO 1 A A 

hi • 


Qdl 6L. 

***• 

c 

00167 

.... 7 0* 


OG 1 70 

7 l • 


Ou 1 7 0 

72» 

. c 

O'U 1 7 1 

71* 


00 1 72 

. . . . 71 • 

■ . 

CO 1 7 2 

7 S « 

c 

00 1 7 J 

7 b • 


oa 17 j 

7 7 • 

c 

Do 1 7 1 

. 7d* 


00 1 7, 

?»• 


00 1 7 G 

60* 


CO 1 7 6 

8 I * 


E u I 7 a 

. til* 

c 

CO 1 7 7 

di • 


00177 

e*t« 

C 

0017/ 

$ b ■ 

c 

OU 2 00 

d o • 


00 2 0 >1 

« 7 . 

c 

Ob 201 

a 4 • 


Ou 2 0 1 

a 9 • 


Uu2P 1 

* 

.. . c . 

CP20I 

■i i • 

c 

0020 7 

V 2 • 


uu202 

Vi * 

c 

0 C 20 7 

VI* 

. c 

Cc in » 

vs* 


C C vC n 

Vo * 


CC 20. 

9 / • 

c 

CD;2a 

4 , ? d « 


Ljll'i 

99 * 


CC 2 Ci 

1 00* 

c 

0 0 2 0 > 

1 0 l • 


0020a 

102* 

„ 

C 020 / 

1 Ol * 


C-P2P > 

S £H • 

c 

00 2 3 7 

1 os • 

c 

CO 2 l J 

10A . 

. « 

002 | 1 

10 7* 


DO 2 i 1 

106* 

c 

DC 2 1 2 

t D‘7 • 


002 1 2 

. no* 

. - 1rr _ „ ^ 11T 

002 l 2 

lit* 

c 

002 1 1 

112* 


0 3 2 ii 
0 C 1 1 -i 

1 i J* 

1171 

1 1 s * 

» - c~ 

G G 2 i > 


Ob 2 1 » 

l 1 »* 

c 

0 if 2 1 a 

117* 


C u 2 l o 

It -3 • 

C - 

002 1 ; 

1 1 V* 


00 2 1 7 

1 20* 

c 

0022 J 

121* 



GAmA| I 1 )»:DTHCT-0*TAM(ri/I>2» 

11 AKCoisTANct BCtutEM-TofiS A_ND_JB.EJf.LEC II ON PO! m T~OFF THE -SURFACE OF-- 
r he oKancn 
O i -D-DZ 

COMPLEMENT OF GRAZING ANGLE 

P M I » l p I 2 2 . > A K A I 4 I > ... — 

UTmET 1 »P 1/2 . .fill 

TRO 0 I S T A H c E COMPONENTS OF INDJHICT SIGNAL 
H A N G 2 * 0 S u R T I a • • 2 * I A* Z I * • *2- 1 4 2 • • AT « | A*Z l I *0c05 I DZ/A > I I 
KaNGi *Ois5T I A* *2* I A*2Z) . *z- | l 2.*,W • 4 A*Z2.) *DCOSl Dl/A J M - 
PATH 0 1 Fl CHt-'iCL FhDh OIhEcT A n o INDIRECT SIGNAL 
P Au lf *2v*z l *0T AN l GAMA 1(1 I ) 

0 I v EH GtfiC E FaCIOH 

5 ! C A* PA CUi < ( A • * 2 * l A * Z I > • • 2 >N ANU2 • • 2 I / 4 2 • • A * I A »Z I I I I 

Di S»l)Sjhn ( A. OS [H(GaKA t 4 1 1 11/ t ( A*05 MM GAO A l ( 1 ) 1 * 4 2. .RANG. 2 I I •< l ,*4 2 
1 I / A I ) «PS 1/i 1 s i CA | I ) 

(1 ! / *DSult t I 0 I S ) • 

• AVEEENUTrt OF TRANSMITTED SIGNAL FROM THE Td«S TO THE OrBITER 
A A V C • J • 0 0 8 / F R F N 

FUNCTION OF DIELECTRIC CONSTANT USED FOR COMPUTING REFLECTION reef 
F I C 1 1 N I 

T» 1 . H00 1 TJ. ( CON/FREO 1 

PAHAnElLH UStD r° CALCULATE REFLEC I ION COEFFICIENT 

S*OS'j«T<(DS , 2RfllKOIE-U./2.|.||.»DCoS<s.*GAMA|i|l>IS)**2.*Y**2.)*(R 

t uil - 1 1 ./ 2 . i » 1 1 . .ocos t 2 . .Gam a i m > > i )/?.) 

FUNCTION OF 0 I C L E C T h I C CONSTANT aNO FHEOUENCV FOK COMPUTATION OF * 

eflect idn coefficient 

0* f / I 2 ■ *S | 

PAHAHEICns USED To CALCULATE VERTICAL POLAR I CAT 1 ON REFLECTION cOEF 
FT C 1 1 n I 

UV*lKDIE**2.*Y*»2.)/tS*.2.»U**2.l 
p V • 1 2 • • I S • R u 1 E ♦ 0 ♦ V 1 1 / l S» *2 . ♦O* *2. I 
vlmUcal polaRuatjon reflect ion coefficient 

P.VUSGkT I ( 1 . * 1 BV/2. «* I 1 .-0COST2. *CAHA| l 1 1 > 1 -P V »0S I M I G AN A t t I ) > )/II * 

• ♦ I B Y/2 . ) • ( 1 , - DCOS ( 2 • *GAnA 1 I T1 > 1 »PV*OSIN 1 GA.Ma t M 1 t) ) • 

PHASE ANGLE CHANGE’ for a VERTICAL POLAR I ZED RAVE 

PMAV»OAT AN1 j T*OS IN IGAHA I t 1 M-0 ) / IHO ll.us INI gAMAAT I > J -S J I-OATAN t I T» 

| OS in t 5 AAA 1 1 n | »0 I / t R 0 1 E » 0 S l UIG ama III* 1 »S ) 1 
P M A « * P M A V . P j 

P * R A ft E T t R s USED TO CALCULATE HORIZONTAL POLARIZATION REFLECTION CO 
EFFICIENT 

0 M • l . / l S « . 2 • . I] • • 2 . ) > i >- - - - — . ' ■ - - • — « • - — — r~ - .. -*• . 

P M - ( 2 . • S 7 / < S ♦ • 2 . * U • *2 . I 
HORIZONTAL REFLECTION coefficient 

rh-osoh 1 1 1 1 .♦ ibiivz. i i ,-ocos i 2 ..ga;iaici M | «PH»DS I N ( GAM A i 4 1)11/11. 

| « I aH/2 . I • ( l , - ocos ( 2 . - gam A 1 I I ! ) 1 * -PR. OS I N 4 GaMaT 4 I ) ) ) 1 — 

PHASE angle CHANGE for A HORIZONTAL POLARIZER aave 

PHAH.OaT an I -N/loSlNI GAHaI 4 II • "5 | ) -0 A T Allt R / 4 qS|N t GAMA I 4 I I T *5 ) I 

PHAH.PHAn.PI 

. CIRCULAR REFLECTION coefficient - ... .... 

RC-DABSl l R V . H H 1 / 2 . I 

PHASE ANuLE CHANGE FOR A CIRCULAR POLARIZED NAVE 
PH AC. I PhA y.pHAH I / 2 . 

SCATTERING REFLECTION coefficient - - - — 

SCaT.OSQRT I OEAIM * ( 1 4 M . ‘Pll /« A VL ) .M«OS 5 N 4 GAHa I l I I I ) ..2) J 
KULTlPAl.il field SIReNGT ( INDIRECT Signal) 

F I E L 0 ■ 4 0 I V * 0 A 6 S 4 R C ) • 5 C A T T • • 2 . 2 . * ( D I V • D A U S ( R C I • S C A T I • I 0 C 0 5 4 I » 42e*Pl 



' VO — ■ 
! ■ 

co r\o 
^2 


FIGURE 24 CONTINUED 


DOO-EOZOa-NCi- 


00220 122* 


00220 123* 


00220 121* 

* ’ ..." , !■ :■ 

00 2 2 i: 12S* 


0 02 2 t 1 2 o • 

► 

CO 22 2 1 22 • . 


00220 - .123* 

- - 

0022* • 1 2 V* 


CU2Za 1 30» 


C U 2 2 u . 13. 1* 


0 0 2 2 7 . 13 2* 

. 

00-23 J 

3 3 * 


0023 1 

J1» 


QC212 

IS* 


Go 2 3 1 

34* _ , . 


CCZJ1 

37* 


c a Z 3 .> 

34* 


OOZ Jo 

31* - 


0023/ . 

10* ; , ■ 

..44 

0C2* J 

11* 


0 0 213 

h2* 

41 

0GZ1Y 

1 3 • 

60 

0021a 

11* ... 


0 0 21/ 

IS* 


00 2 S l 

1 6* 


002S2 

1 7 • 


00 2 a 3 . — 

1<3* 

, i 

002S1 

1»* 

4 4 

OOZSa 

50* 

45 

CO 2 Sa 

SI • 


00 2 S / - 

I S 2 * JLV. 

.1— - 

002*3 

IS J * 


ClU6 l 

1 SI * 


002 o 2 

l s s * 



B4 4 

42 

00 26 1 

IS/* 


00241 

isa* 

C 

0024 a 

IS9* 


00Z4i 

6 0* 

C * - * 

00 2 43 

14 1 • 

l 

0 026 4 

1*2* 


00263 

1 6 3* 

c 

002& Z 

141* 


0027 2 

165* 


002 7 1 

I 6 6 • 


00Z7Z 

167* 


002.7 3 : 

1 4 <! • _ ._ 

. 

0C771 

| 69* 




|)/*AvE)*PaD{F>*PHACM 

oessel function Subprogram »suh pattern) 

OESSEL FUNCTION argument . . r~ 

X 2* t I P I *13 ! A ) /‘.V A v e • *OS 1 N ( GAM A J • I ) “PT ( L ) ) 

bessel function limitation 
y l *io • 

z* 0.0 — - .. — — — — . — - 

t I *Y I »Z 
!NT-(N*A2>/2, 
fl EIA«2.0.INT.YI 

IoCT**bt.TA*«001 

A Fl G »Q • J 
BFlG-O.U 
c FLG»0 • 0 

EELS- I .0 
7*1.0 . 

f FUG «0C OS I l IUETA-2. ( • |P|/2« I ) 

CONTINUE . - 

IFt l«ETA-HlAO.A! »60 

c f u g • c r l a . 

CONT |Nu£ 

' IFI IdETA.eO.OTuO TO 62- . 

j K ( MFLt. » CiT . .OOUUOo 1 MiO TO 41 
B P C G • I .0 

AFLG*Al lg.eflg , • ~~ , 

bFLG*O.U 

Z M 12* • l DC T A I *!• LG * ♦ I " l • ) e DFLG»x2)/T2«*loETAI) )FX2 

OFLG*EFLG - " ”■ - ------ — " — * ' ’ “ ’ 

CFlG.Z* , 

|«ETA*lliCTA-l 
G 0 T G 6 o 

Z«(2. •AFLG)»EFLG — — 

AFLG-CfLG/2 

direct signal field „ . , 

5MP»l2.*«AVE*AFLG)/tP!*DlA*0SlN< GAMA 11)1 
ri£ SSF L FUNCTION SUBPROGRAM CSUN PATTERN) 

BESSEL FUNCTION ARGUMENT 

X3* I ( P I *13 I A) /Tf AVE I *0S J Nil »G AHA 1 < I ) <*PT CL) ) 

BESSEL FUNCTION LIMITATION 

’ Z * 0 ■ 8 . . 

T 1 * T 1 ♦ Z 

1 u T * I M ♦ X 3 ) / 2 . , 

uETA«2.0«INI»Tl - - • • — -- 

I4ETA»t)ETA*.00l 

AFLG»0.0 

bflg-o.o 

eflg»o.o — 

dflg-o.o 

EFLG*J.O 

2 - i » a 


•PT(UI) 


FFLG»0C0S{tlBETA«2.)«TPl/J*))- 

COfiTINUE ‘ _ 

IFI | bE T A«M >72.7) »72 
CFLG.EFLg 


FIGURE 2 L \ CONTINUED 


1.2-PN-B0703-008 

B-38 


continue 

IFUqETA.EQ.OIGO to 77 

If I 3f LG.GT . .OOOOOOIIOO TO 75 

Bf L 0 • I • 0 — - 

AFLG«aFLG*EFLG 
GO TO / 4 

tlFLG»O.Q — — 

COOT |NOE 

2* t I 2 • • ! BETA ) t ( E f LG*U-l • J»0n.5*Xil/l2i 
DFLG.EFLG 

t f LG ml : i . . — 

TdET a- | BETA-! 
r> o T o 1 0 

2 *12. • AFLG I —Cf L6 

AFLG.CFlG/2 

indirect signal Meld 

SiPI«f2.»*AVE*AFLG)/<Pl*0lA*n5lN<-GAMAI 

jND-SMPl 

an>'i l i*oahs<smp» 1 I N o • f l Ecu > > — — 

SOU H A T I tHtl f I ELL) 

s? « n * 20 . >ouoii i o Ul«p i 1 > I 

DIFFERENCE, OlRECT SIGNAL. 

0 I Ff *1)5 IN < P I • I t G A ha 1 U >-PT<LM/HPO*l*PI 

I / o P B il I | 

D I Fr.ENt.NcE • IHOlRl-CT SIGNAL 
Olfri*OS!tllpI •< < -GAMA I I I I -Pt il > ) /HPBNH 

U» » friP'6* n _ ; 

YLMP I I 1 - DAiVS idiff* IDirr | «r jeldi I 
DIFFERENCE MaTIENN riELO 
DPI I »-2U..OLOGlOlTLMP( I | I 

G A M A 1 l I ) "G AH A t l ll 1 • 11 • 2 * 1 - - 

L S P I I » * S p I I > 

LOPI I I «0P III 

MLSP I r I • i N G L ( LSp l I) > - — — ■ r 

I.LQPl I J * SNGL ( LOP I l I » 

G R A 2 1 I 1 > » S N G L 1 G A '1'A 1 IJI I 

priD*pf m *x 

J*J»1 :! . 

aSCOISTA.-icE INCREMENT 
AHCOIGTAncE INCREMENT 

02*02- INC -• 

I F I I i£J. I I GO TO Hi 

GamA j I I I -DATAN I 2 ‘ /U2I-BTHCT 

• t F I I i L T • K I S 0 TO 2 j 

NAJ1EL I S f /DCEP/PT 

khiteia.ocepi 

NAmEl ! S I/PaTi|2/GRAZE 

- «H|T£(AiPaTh 2I i 

NAM El I ST/MUlT l/C s P«LDp 
Te I A iMULT 1 1 
00 "»0 1*1,133 

*R| TeibimlSpi I I ,g«aZEU MnLdp <■!->•- r- 

COnT | NUE 
E N 0 ft 1 L E d 

OFFSET INCREMENT 


I »*PTU »1 


il I I 1 - PT 1 


^ 1 - 


— 


^ t* 


FIGURE 24 CONTINUED 


1.2-DN-B0703 
B-39 ;■ 




oo.i2 2ja« PT«i.*n»PT(u*.e722222222o-2 

001! J 2J»» L»L»1 _ 

OOi 1 1 2lJ* ... I F ( U. CT • 2 I IEO • TO 80 

001 U 21 I • 00 r O 30 

0011? 2 1 2 • It CONTINUf 

00120 21 J* CnO 


t;*0 or COMPILATIONS *0 DIAGNOSTICS. 


MS... 

Q na 

G ^ 

-a-S— ■ 

I” 

P<-03 



01 >-£] 

OOD-eOZUy-NG-^'L 


1..2-DN-B0703-0n8 



CONI. CN PG 2 


ERRSO 

EG_ 1 QE LL 


FIGURE 25 FLOWCHART FOR EARTH MULTIPATH IMPACT ON SUM AND DIFFERENCE 
CHANNELS AS A FUNCTION OF GRAZING ANGLE OR FREQUENCY 


1 














1 .2-DH-B0703-0G8 
B-42 



CONT. CN PO FRRSO * 

' PS. 2_ CE— -Li 


FIGURE 25 CONTINUED 

























1.2-DN-B0703-008 


RFlNQl-OSOflT (R#*2 *• (R+72 ) **2- C 12 . »'H) *t C f-H ? ? I *OCOS (0 t /A ) ! ) 
R fl NG2 «QSGAT ( A* * 2 + C A - ? 1 1 * y 2- C ( 2 . » A ) * C A * 1 L I <CICQS ( 0 2/ A ) 1 ) 


7 


C OTSTRNCE TRAVELED BY DIRECT SIGNAL 


RRNGnf] <0SGRT C (Zl / A 1 **2 - + CZ2/A ) *.* 2 . -2. * l? L / A1 * CZ2/A ) +2.*CL. + C?. l/fl) + 
C 22/R 1 4- C Z L / fl 1 * CZ2/R 1 )* Cl . -DC03 CO/fiS ) 1 


C PATH DIFFERENCE FROM DIRECT AMD INDIRECT SIGNAL 


P flfl IF RANG L + RANG2— RANG 


jst . 

ANGLE BETWEEN REFLECTED SIGNAL PATH AND LINE FROM EARTH’S CENTER 
TO THE ORB ITER 




TRU L = 08S IN C CfteOS IN (02/fl ) ) /RANG2 1 


ANGLE -BETWEEN SIGNAL PATH OF INDIRECT SIGNAL FROM THE TORS AND LIN 
E FROM THE CENTER OF THE EARTH TO THE 'TORS 


T RU3-0RS IN C tfi<DS IN ID L/fl ) J/AANGL 


COMPLEMENT OF GRAZING ANGLE 


TAU2-DAC0S C ( C A+Z2 ) *0003 C TADS ) -RANG LI /A ] 


I F I T AU2-C0HP ) 23 - 23 . 22 



IF CTAU2-C0MF) 23. 23. 2U 


CO NT IN TJE 


GRAZING ANGLE 


FIGURE 25 CONTINUED 























T. 2- DN- BO 7 03 -000 
B-44 


'FU--PI/2.-1RU2 

S 

C DIVERGENCE FOG TOR I 


□ IV t=A* CRRNGURANG2 ) *DSQRT COS IN (TAU2 1 *OCOS CTAU2) ) 


0 IV2---DS0RT ( I (Ar?2)*RANGU0C03CTAU3) + (R+Zn*RANG2*DC03nAUL 1 ) <Cfl + 7.l 
) * (R-t-22 ) *DS IN (BTHETxXl ) 


0 IV=0 [V I/O I V2 


C FREQUENCY OF TRANSMITTED SIGNAL FROM TORS TO ORB HER 


[=1 

FREOi I)=L3 
N--M- l 

000000009 

S 1 

j 


< DO SO I=l.N > 

- T ‘ 

FREQ L I-t- 1 ! =FREO C l 1 +-2U , 5U5UD6 


CONTINUE ■ 

ft . • * 

< DO UO .1 = 1, M, l > - - - O 10 

- 1 , 

0_ WAVELENGTH OF TRRMSM ITTEQ .SIGNAL -FROM THE TORS TO THE ORB [TER 

- ^ - 
URVE---3, 006/F.REQ I I ! 

~ - ' - . sz * 

FUNCTION 0- DIELECTRIC CONSTANT USED FOR COMPUTING REFLECTION COEF 

f ic cent • '■■■ .. / • ■■ 

& ' • " ~ 

r= l. 800 LO< (CON/FREQ m 1 

: T ■■ 

C PARAMETER USED TO CALCULATE REFLECT ION CQEFF ICIENT ] 

. . - ^ 

S=03QRT I (DSGRT C C RO I E— C t . / 2 . !* C l . +DCOS C2 . *GRMAll 11**2. +Y**2 . 1 + CRO IE 
-Cl. 72, ) * C l , +OCOS C 2 . *GRHR l ) 111/2.1 


FUNCTION OF DIELECTRIC CONSTANT HNO FREQUENCY .FOR COMPUTING REFLEC 
T ION COEFFICIENT 


Q=Y/I2. *S) 


PARAMETERS USED TO CRLCULRTE VERTICAL POLARIZATION REFLECTION COEF 
F ICIENT 


i 

v;.:,- V;;:; 7 

* 

Y ; - ;;.T‘ ; CONT. ON FG ' 5 

" Ct L ■ 

ERRS 
FG l 


0 

FIGURE 25 CONTINUED 


























2 J , f 

1 /?-DN-B0703~008 
B-45 



€> 

























































1 .2-DN-B0703-008 
B-48 































1.2-DN-B0703-008 

B-50 


D TF F--D5i fN CPU C (GHMR l -FT Cl.) ) /'H"BW ) +P r ) -Q5.FH (P l * C CGRMFI L -PT CL I I /HPBW) 


rr: INDIRECT SIGNAL 


0 IFF l-DS TN CP r* C C-GRMPI l-PT CL I ) /HPBM 1 +P I) -D3 IN (P I * C C-GflMfl L-PT CL ) 1/HP 

Bwn 


tlmp c i i =qrbs co iff+ co iff uf ielo i ) 


C DIFFERENCE PRTTEPN F [EL 0 


OPC n=20.*DL.QGl0(YLMPCr) ) . 

Lspcr)r.spcn 

Lopcn.-opcn 

MLSP.C [ 1 =SNC-L CL3P ( [ 1 1 
NLOPUUSNGLCLOPCn 1 


CQNT [HUE 


DO SI I = L M 


QFREQC n-SMCLCFREQCJl ) 

HR r TE CS 1 MLSP C [) .QFREQC I) . NLOP C£ ) 
J= J+ L 


CONTINUE 


ENDFILE8 

NRMEL I3T/0CEP/PT 
WPITEC6.0CEF1 
NFNEL. IST/PRTH2/QFREQ 
WRITE (6 . PRTH21 •' 
NRMEl. IST/HULT I/LSP , LDP 
WR ITEC6. MULTI) 


C OFFSET INCREMENT 


PT CL * U =PT CL ) + . 87222222220-2 
L=L*t 


FIGURE ZD CONTINUED 



















FIGURE 25 CONTINUED 





